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1. AN, OVERVIEW OF THE STUDY : 

Thia itudy is concerned speciflcalty with computar-based MIS. Though it is 
not absolutely necessary for MIS, yet it is the computer which has made a reality 
of the fundamental concepts of MIS- Its assets are speed, accuracy and freedom 
from errors. It however lacks judgement for which the human beings can comple- 
meut it, therefore bqih man and computer capabilites with regard to MIS are dis> 
cassed in this study. Computerised MIS can be viewed from several angles ;u8er’s 
view, physical structure, functional composition, ^ tier planning and control 
activity etc. The structure of MIS is detailed separately from these angles and 
later these views are synthesised td depict the overall structure of MIS, 

Basically, MIS is supposed to support planning, control, and decision-making 
activities of the management. Now, when we say "project control” project plann- 
ing is also implied, l.ikewise, when we say production planning it may also 
include production control What We want to say that often ^‘planning*’ or 
‘‘control'' are used to broadly designate three activities : forecasting (without 
which nd plan can be made) planning, and control (without which no plan can be 
implemented)'. It is the purpose of this study paper to discuss in a. little detail the 
three activities sparately Fuitbermore, in manual systems it is not unusual to fbre* 
cast, plan and control intuitively, but in computerised systems, it becomes 
essential to build models for each forecast, each plan and each control Generalised 
modelling structure for a business organisation is presented The structure is the 
same whatever the organisation but models within it may vary from organi-sation 
to organisation. Referring to bottom-up approach (SADP itudy III for MIS 
development), once the individual files have been Aised into a data base, the 
orginisatlon can think of advancing by incorporating this modelling structure 
in its MIS This would generally require the creation a model base in addition 
to the data base both of which, however, are inter-linked, Once MIS has been thus 
installed (first conscious eflbrt in MIS development is its installation even though 
MIS must be existing in some rudimentary from already) and advanced by embed- 
ding the modelling structure in it, models may subseouently be refined as the plan- 
nirg, foreoastiog, control and modelling faculties of the organisation improve with 
time, or models may be deleted or modified or expanded etc. to respond to changes 
in the organisational environment. Besides, projects triggered by the systems 
maintenance or audit phase of systems development (Ref: SADP Study Hi), would 
have to be incorporated in MIS. As distinct from installation of MIS, then, 
the refinement and revision of the models and systems audit are the problems of 
operating M(S. 

It should be obvious that fusion of files into a data base requires magnetic 
diic (or drum) as the file media Data base enables the efficient use of data which 
has come to be recognised as a resource in itself. Planners, forecasters, supervisors, 
programmers, modellers and systems designers also become aware of the huge 
ampttot of data (hitherto vivisected departmentwise) available from directories 
cinplited by the data base administrator ; therefore, obviously, they cap perform 
theif Amotions mucA better. All these functionaries have a great and complex 
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dealofiateractioosin diicfaargiag tl^ir fuoctiQns, and. tbereforee« oae of the 
general objectives of MIS ought to be to harmoniie their interactions. 

Problems and opportunities do arise wihin the plans. Build up of badclog 
is a problem within the production planning function, for example. Therefore. 
Mlh should provide support for intelligence on problems or opportunities. Once 
a problem has been analysed there comes the question of design of and choice 
amongst alternatives. This is what has been termed as decision making. MIS 
should then provide support for decision-making too, and this matter has bieeQ also 
discussed. 

Finally, limitations of MIS are discused. 

1 1 latroductioB : Although is not absolutely essential for MIS, yet it is 
the computer that has translated the MIS concept into the present day reality For 
both accurate computations and transaction proceesing, computer is far more 
quick than man. The latter, however, has his own capabilities such as taking into 
cognisance a great many factors. Thus man and macbine are complementary to 
each other and the question really is to what extent the computer should be 
employed. Also, the systems approach is its basis. In the following section, we 
discuss the man-machine capabilities (information processors) that need to be 
harmoonised in the design of MIS. The following definition of MIS should set tte 
framewqrk of discussion ahead. 

“MIS may be defined as an integrated man-machine system in producing 
information to support the operations, management planning and control 
and decision-making function m an organisation ” 

The oyrtmid structure of the figure on page 4 depicits a view of MIS in 
respect or three-tier planning and control activity discussed in study 1 At the 
bottom there is the ubiquitous transaction processing system of handling such 
transactions as ciistomers's orders, payroll, inventory transactions (receipts, issue 
and stock taking adjustmertts). Upwards, there arc operational control mam- 
gemsnt control and strategic planning, in this order. Transaction system is a 
fountain head of data. Various types of data are classified and aggregated lu a 
suitable manner to serve the purpose of operational control, management control 
and strategic planning. * Strategic planning may, however, also require data on 
external environment. Aside from the three tier planning and control activity we 
shall discus MIS from several other views. 

It is to be noted that at the bottom MIS is machine dominated as it is very 
much structured here. Towards the top it tends to be more and more unstructured 
and min dominated. 

MIS supports the planning and control and decision making activities of the 
management. The terms ‘planning’ and ‘control’ are usually l^sely and narrowly 
understood. Expectations, le. forecasts a re essenti.il inpins to the planning 
process. And planning without control is unthinkable Thus when we say manage- 
ment control forecasting and planning are also implied. Likewise, when we .ay 
strategic planning, forecasting is involved though control, in this particular case, is 
virtually non-existent. In manual systems, often esti mat ions have sersed the pur- 
pose of forecasts and planning has been done by ,i.d.;eia?nt intuiuon etc. Though 
it would be desirable to carry out the three activities explicitly even lO the maniM 
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common denominator of forecasting and control. 



P y/rA^,n /^T/HtrTU/fl QF Mi5. 

Now It IS to be carefully noted that all forecasting, planning and control 
involve deciion-making Which forecasting model to use and what value of Jts 
parameters and constants to employ, what alternative plan out of the several to 

select and what changes in the implementation process to make i e effect control 
are points of dccision-tnaking. 

2. HUVfAN BEINGS AS INFORMATION PROCESSORS : 

The sensory receptors consist of e>es nose, ears, etc which pick up the 
signals and transmit them to the brain consisting of storage and mental processing 
unit There is also a filter that filters the inputs passing turough the channel. 
Whenever number of inputs exceeds a limit, known as the information load point. 
fiUcration is effected i e. some of the inputs are disregarded The implication of 
this IS that human beings have limitation for information processing and whenever 
the inputs are less than those for the irformation overload point all of them will be 
processed ; but beyond, some of them are liable to be ignored. The best example 
IS provided by a telephone operator who, faced with too many messages to handle, 
will Ignore some of them Regarding which inputs are disregarded for processing, 
the following points are worth noting : — 

(i) Frame of reference of the subject i.e., his experience, education, customs 
etc. 

(ii) Decision procedure depending upon which the subject may ignore data 
that is not specified as relevant to decision making. 

(in) Decision under stress. A production manager faced with series of 
objeclives to optimise IS liable to ignore some of (hem while choosing 
a particular course of action. Such overloading is particularly probable 
when the manager is also under some other stresses viz; production msto. 
Likewise, as discussed in study. 111, a wide variety of marketing -reports 
are possible but they may overwhelm the marketing manager wijo may 
resort to filteration and ignore some of them. 
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Another point of interest is that different persons ipNdd naturally have 
different frames of refeitnce> ^As a conseodence, tlw writer of a report nuty mean 
somethiof and the reader follow anotlfer thing which may be 3 , 

perceinion errors. 

Mitkr sommarised the resolts of his empirical research by the pharse ^‘Ihe 
magical number seven, plus or minas two**. What he means is that the 
beings can process symbols of length 5 to 9 most effectively. This therefore, 
regies that the length of the various codes, quantity and other such data fields 
is npt between these limits. 

Some other human limitation are discussed below briefly 

2T NoUesiaMe Diffcrenc/: 'Human bein^ have a limitation in discerning 
difference in shades of colours, brightness of illumination, loudness of sound etc. 
Weber has forn^ated a law in this regard. “The difference that is noiicable is 
a constant proportion of the physical dimensions of stimulus.” Mathematically, 

AC 

“K for all, C and K being constants. 

The other symbols would be more clear by means of an example. Consider 
two roughly 10 kg weights. Assuhiiag K.” ^ computed as below : 

4c 

10 “ 25 

AC- 100/25 *4 

AC means that the difference in the two weights must at least be 4 kg to be 
significant. 

Now, if there is another set of two roughly 50 kg weights, AC—50/25 — 2 kg 
indicating that the difference has to be 24kg at least to make it discerniUe by 
human beings. The implication of Weber’s law is that human beings do not 
discern the difference by their absolute size but in relation to a base. A 30% 
variation against the budgeted sale of Rs. 1 , 00.000 would as much surprise the 
executive as a 30% variation in selling expenses of Rs, 10,000. 

2'2 Probablistic Difference : H G Weils prophesied that statistics will be a 
part of common sense in the 21st century. But researches in psychology point out 
differently Human beings have serious limitations in grasping probablistic 
situations. Consider two students A and B who answer 10 and. 100 questions 
(of same standard) respectively. A answers 1 correctly and B answers ip correctly. 
It would be a human tendency to rate the two equal since percentage wise they 
have scored equally but surely B has been more tborougly examined Likewise 2 

rejects in a sample of 10 do not tell the same thing as 20 rejects in a s^niple of 
100. Sampling variance decreases in proportion to sample size and huingn 
beings inherently fail to recognise this at once. 

We cited example on nonsense correlation in an intermedia'e study on 
Statistics that rising production of both pig iron and pigs in Iridia does not mean 
that the two are correlated. But human beings do tend to jump to conclusions 
with regard to cause/effect relationships and <»rrelaUons. On the other hand, 
several correlations and casualties may not be discerned because the organisational 
•vents occur at a very low rate. 
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Hanuii beioas ue particiiluly deficient in perceiving end MiigiiiBg inrobdbi* 
lities to evenu, end nre liable to give way to a variety bf factors teading to 'bias 
here. 

Human beiogi lack consistency in exercising choice or mgking decisions For 
example, subjects presented with various gamMing situations will dentonitrate 
inconsistent choice. 

Human beings tend to resort to aneh’*ring and adjustment. Budgets, for 
example are set by establising the previous budget as the anchor and then 
efTecting adjustments to it. This happens all too often in pricing and planning 
too. This has its pros and cons. Time it saved since each situation is not 
reviewed alhinitio but also important diSerences in circumstances are liable to be 
missed. And when it comes to making probabiUstic estimates (viz probability of 
market share surpassing 10% etc.) there is hardly anything to anchor on. 

Another point that has a particular relevance in drafting the format of 
reports is that human beings tend to use the information only in the form 
It IS available. They do not tend to search for more data or manipulate the 
existing data. 

Regarding summarised data a research study indicates that -better decisions 
are made with summarised data than with raw data ; but at the same time, ttie 
decision maker is less confident in the former case. And the executives may have 
different predilections in this regard as borne out by Orlicky:“President Elisenhover, 
for instance, evidenced a very high information threshold as he preferred 
problems to be summarised for him very succiently, preferably on one page. 
Former Secretary of Defence McNamara on the other hand wanted his data in 
considerable detail and sometimes would dig deep into subsidiary reports before 
deciding an issue.” 

Wc discussed Hertz's simulation experiment for deriving the NPV distribution 
in OR Study VI. His idea was to provide the executives not only wuh mean NPV 
but also Its standard deviation, shape of its probability distribution. Anderson 
conducted a study by presenting three setes of data to executives on the lines of 
Hertz’s model as shown below : 

1. Mean value 

2. Mean value and disperstion 

3. Mean value, dispersion and shape of probability distribution. 

Subjects presented with all three data items were more confident about their 
decisions but less consistent. 

Accnnulatlon 6f unused Data ; There is a tendency to store data that has 
Do/little relevance to the future. It is uneconomic but the user feels more 
confident with all the data in store and perhaps has vague notion that it may 
used some day. But cost/benefit analysis must override this phyholigical value 
of the data. At least, such data should be consigned to low cost storage. 

Below, we compare and contrast human capabilities with computer 
capabilities. 
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2.4. Mu (▼«!•«■) MacUa* capabttitiM : 


Major Machine C^bllltles 

] . Repetitive operations. 

2. Accuracy oP calculations. 

3. Speed or calculations. 

4. Deductive Reasoning (Given 
A<Sfi and B < C the machine can con- 
clude that A<C). 

5. Operation in parallel. The 
human processing system operates in 
what may he called serial m^e. That 
is huq;an being can process only one 
information at a time. Machines can 
operate in a parallel fashion. For ex- 
ample humans would add digits one 
by one but the computer can do several 
bits simultaneously 

6 Well defined data search. 

7. Following orders precisely 
(right or wrong). 

8. Consistency. 


Major Human capabllitirs 

1. Unusual operations. 

2. Operations with incomplete or 
ambiguous data. 

3. Inductive reasoning, besides 
deductive reasoning. 

4. Filtering of information : The 
capacity of the human beings to accept 
inputs and produce output is limited. 
Upto a limit each input would result 
into an output. But beyond that 

E erformance deteriorates. The humans 
owever reduce the inputs to 
manageable proportions by a filtering 
selection process. Unimportant inputs 
are blocked. 

5. Initiative and planning. 

6. Judgeraent/lntuition. 


2.S. Below, we dichotomise information by several criteria with a view to see 
which type is most suited for computerisation. 

information can be dichotomised by several attributes. This is mainly with a 
view to automate as much of information handling as possible. 

Action' Non-aetlon. Such information as receipt of a customer’s order, receipt 
of goods and the advice note against an outstanding order on a vendor ; placement 
of works order etc. would trigger action shortly if not immediately. But an ac- 
knowledgement of receipt of payment against a vendor’s invoice would possibly 
be filed without any action whatever and even and subsequent referencing. 

Recurring/ Hon-recurrlng. All special reports are non-recurring in nature. An 
example would be studies and summaries for a sitting of the top noanagement on 
strategic planning. Most of accounting, production and inventory control, sales 
and purchasing transactions are of recurring nature. 

Documentary/ HoH'documenlary. Several activities are carried out informally 
and may not be documented. Also, most of the superior subordinate conununi- 
cations remain undocumented, whereas, all informatiou on paper, paper tape, pun- 
ched cards, magnetic strip, disc and tape is obviously documented. 

Internal Externa/, the information may come in from outside (including 
sister ^ants) and usually include customer orders, enquiries, acknowledgements, 
telephone calls and telex messaiee, various kinds of literature and bulletins, quota- 
tionst advice notes, etc., from tM sup^lers, this is all external information. The 
other lub-olais, comprising internal inlbrmation, would be fW>m one department 
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to another and up or down from the subordinate and superior 
pies of this sub clws would be reports, minutes of meetings, ^1*5®“’ 

mined in pre printed forms such as copies of goods receipt notes, coplM Of CDMiU* 
and despatch notes etc : 


Illstoricallprojected. The past -sales is the 
its extrapolation into the future is projection. 


historical informatiott wbereta 


The action/rccurnng/documentary/internaJ/historical information is lOWt 
susceptible to automation though not exclusively, The other desirable characteris* 
tics for information to be programmable are : 


(i) A number of interacting variables —most of the mathematical/operations 
research models (discassed elsewhere) fall into this category. 

(ii) Speed—yarious statements and ^uoiihanes, viz., stock valuation, 'ABC 
analysis. Although such statements can be compiled tnanualty, computer 
does It far more quickly, accurately and comprehensively. 

(ill) Accuracy— Updating stock balances, routine forecasting, payroll etc. 


3. STRUCTURE OF AN MIS ; 


I Physical Structure comprises hardware, software, files, proeedurqs 
(bound tn a booklet or manual) and brainware. 

II Processing Functions : An MIS can also be described in terms of the 
processing functions it performs : transaction processing, file updating, report 
prepaiation, inquiry handling and ‘interaction’ with the human user. The last of 
these, ‘interaction’ perhaps, requires some elaboration A manager may pose 
a “what if” question as to what happens if the advertising budget is slashed by 
10%. The mathematial relationship between the magniiude of the budget and its 
consequences would have been embedded in ths computer program, and the com- 
puter would provide the answer to the manager who would scrutinise the result. 
He may not be satisfied with the result and may pose another question. Thus, 
the user and computer interact together to iterate down to a satisfactory solution 
to the given problem. 

Ill User’s view of an MIS The users tend to view computerised MIS as 
a black box They provide the requisite inputs and expect ihe following outputs 
as per their status (Ref Munagement Information Systems by Davis) : 


User 

Clerical personnel 
First-level managers 


Staff specialists 
Managepignt 


Uses 

Handle transactions, process data, and answer inquiries 
Obtaining operations data Assistance with planning, 
scheduling, identifying out of control situations and 
making decisions. 

Information for analysis, Assistance with analysis, 
planning and reporting (Model building for foredasting. 
planning, control and decision-making in particular). 

Regular reports 
Special retrieval requests. 

Special analysis and reports. 

Assistance in identifying problems and opportunitki 
Assistance in decision-making analysis. 
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IV. 3-Tier MIS has beea discussed io SAidy I. We shall here discuss the 
3>tiers with regard to support from computer based MIS, 

OperaHootl Coutrel : Only the internal data generated from transaction! is 
used to support operational control. Inquiries of the supervisors are handled and 
such reports as listings of orders behind schedule, shortages list, requisition lists 
etc. are prepared for the superviser. Transaction procssing, inquiry handling and 
report preparation usually involve programmable decision-m^^mg which means 
that decisons making is repetitive in nature, requires little human judgement and 
is expressed by mathematical models and, if appropriate programs are prepared 
these can be entrusted to the computer for routine execution. An example would 
be computations of EOQ’s for thousands of item. Programmable decision- 
making however is discussed later in more detail. 

ManageaMttt Control : At this level the managers require information regard- 
ing their departments and profit centres for (i) measuring performance (data 
would be obtained from the transaction processing system and suitably aggregated 
or compressed viz. for computing ROl, productivity etc., (ii) formulation of new 
decision rules to be applied by operational control (viz. for changing the value 
of I, the rate of return, for computing EOQ’s (ill) Allocation of resources (viz, 
application of Iinedr programming to problems of advertising mix, product mix, 
etc. and (iv) forecasting, planning and control as discussed in subsequent sections. 

Strategic Planing : would require data for evaluation of current capabilities 
(internal data), capability to project this data by means of forecasting models 
discussed in a subsequent section and external data on market and competitors. 

(V) Fnactional MIS ; MIS may also be viewed as divided by function such as 
marketing, production, purchasing, technical, finance and accounting. Various 
functions however can share the same data base. 
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Synthesis of MIS Strnctnre : The 3*tier and functional views of MIS are 
synthesised in the figure above. MIS is reen as a federation of sub-systems. Fach 
fnnetioDai system is divided into strategic ptadning, management cootroli opera- 
tional control and transaction processing sub-systems. Each functional sub- 
system may have some files unique to it ; but they do share a common data base 
also. Data base requires a special software discussed in Section 4.6 and is known 
as the Data Base Management System. A model base (for details, see Section 4.4) 
IS also shown. There is also software for common applications. For example, a 
cammon mpit edit routine may be used for all application’s. Such common appli- 
cations may be in modules (Ref : Modularisation S\DP Study 111) to be assembl- 
ed in the application programs. 

4 SIX LEVELS OF MIS 


These are listed below and discussed in detail from Section 4 1 to 4.6. 
Planning & Control ) by managers 

Foreasting & Modelling ) by management specialists 

Computing & Data Base Administration ) by information specialists 

4.1 Planning : Planning is an extremely important function. Without 

nfannl™^! P® Strategic pian that is handed ovei 

i V ® fi) sets the course for the organisation viz. switching over tc 

tbrfoJlmi5;g ?rYde“ffs - of product line etc, (i1) make.' 
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Short term Versus l/mg term 

1 . Short term proSts Long term growth 

2. Profit margin Competitive position 

3. Direct sales efforts Market development effort 

4. Penetration of existing market Development of new Maitots 

5. Related growth opportunities Unrelated growth opportunities 

How these strategic objectives are to be met is left to the planner who com* 
piles resource development plants to fill the strategic gap and the performance 
gap depicted above. The objectives and performance are measured in terms of 
ROl The current performance can be improved upto the potential performance 
by accelerating the use of existing resources but to improve upon the potential 
performance extra resources would have to be employed. 

The performance desired of the organisation should have an element of 
challenge lest the people tend to be complascent. It should also be not too 
difficult as this would discourage the people. This incidentally, is true at all levels 
as investigated by Hosfstede who, in his book, The Game of Budget Control, 
likens goal setting to games 

Thus the legacy of the strategic plan is to develop the resources to fill the 
two gaps depicted above. The resource development planning is the instrument 
for doing so and it yields long range plans since their horizon extends from 3 to S 
years in the future. These are : 

Market (Product market portfolio) planning : Diversification of product line 
and entering new product markets. Also, it includes expanding the Resent 
customers base by serving new market segments, increased use of selling outlets 
and/or distribution to sell the firm’s products, change in pridag polides, 
considerations of new advertising media for more effective penetiration of the 
market, etc. 

R and D & Engineering planning is geared towards creating new or improved 
products for established markets and for those markets in which the organiMtion 
does not participate or has only a negligible share. 

Manpower planning : Project manpower requirements for key management 
personnel and production labour considering turnover and future growth. 

Material planning : Improvements in the materials used, development of new 
and better materials and scheduling the flow of materials. Materials planning it 
particularly important for process industries. 

Financial jtlannlng is directed towards projected sales by product lines, 
gross profit by product lines, sales and ^neral administrative expenses, net profit 
by prMuct lines, sales and working capital needs, ROl on product lines, and com* 
parative financial analyses and ratios. Financial planning ia particularly impor* 
tant. It provides a framework for summary planning. 

PIumIm Ike maMgeaMt ceutrel level involVhs planning the exponditutea 
and revenues for tte coming year. Under expenditures ere inouded the ooets of 
all resources in terms of money and time. The allocetion of resources aod 
sc^iiUog is done by ftmctlonel claiaiflcntlon of the purchniisf, production end 
MM- 

The chart on pa|i lltfa^dctithehlernichyofthnpinni. 
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Tkefe wovld be a aeries of phms at tbe operational control lerel too. 



tlfftontelMf It is depicted io the figure below. Plao prepinuioa 
ooittns<tf 4phases: 

1. Create alternative plans 

2. Evaluate plans 

3. Formalise and sell plans 

4. Eftablish controCprocedures. 
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Figure 4 

1. Create Alteraathe Plans : Plans are derived to meet the objectives set 
by the higher level plans aad are based on expectations and forecasts of the varia- 
bles of interest and the environment. Planning is thus inextricably mixed with 
forecasting. After all planning is concerned wih the future. The forecasting sah> 
system provides inputs to the planning sob>system. Consider derivation M the 
annual production plan. It is derived from the sales programme which is baaed on 
sales forecasts and disregards the man machine capacity on which it is liable tO- 
impose fluctuating load. Several (infinite, in theory) plans can be derived that 
meet the sales requirements 

2. EvalmtePlans : The alternative plans are to be evaluated against one or 
more objectives. In case of production planning, the objective mi^t well be to 
minimise the sum of t) inventory . carrying costs, (ii) change of production level 
costs, and (iii) change of work force level costs. 

Management, may, however, impose such constraints as sob-contracting only 
to the tune of 1 lakh rupees is possible. Likewise, there could pervail such extomal 
constrains regarding firing of ^rsonnel (to change level of work force). From the 
narrowed set of plans the one that best meets the objectives has to be selected. In 
oaae of production planning process tends to be simple. The total cost for eadi 
plan is computed and the one that has the least total cost it selected. The problem 
can become comi.4icated if there are several objectives with varying ifttportaaoe. 
For example, set of marketing plans mhy have to be evaluated against the following 
three pbj^ives with inconsistent units. 

Net Profit in rupees 
Market share in preoentage 
Service time redution in days 
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Nevertbeku, thii probJem can be iwdved with ‘opnatiom 
techniquei. 

J. Formalise and Sail flan : AAer the optimal plan hat been picked up it 
has to be formalised and sold to the management. The annual production plan, 
for example, would have to be deuiied in a matrix form showing producU in rows 
and months-wise production in colomns. This plan, though theoretically optimal. 
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McMiirc Plaa PerfomMiicc : Actual results agaiost the plan are presenteod to 
the executive- Presentation should conform to statistical rules for the tabulation 
and charting, etc. Such conmiex hierachical measures ps ROI should not only be 
presented in the summary figures but data on the entire hterarchy sbold be 
presented so that the manager can spot reasons for shortfalls. 

Analyse Result : This is executive’s task. But be should not be 
complascent over fulfilled plans. High sales revenue may be attributable to boom 
in economy and to effort of the sates staff. It may be desired to perform 
statistical analysis to ascertain what part of the achieved results was produced 
by the plan, the forcerst, management and external forces. 

Make Decision : Contrary to the usual notion that changes need to be 
made in the implementation process the plan itself may also be revised, or the 
forecast upon which the p’an depends may be modified and even an entirely 
new plan may te formulated. Such decisions are the direct result of the ‘analyse 
results' step above. 


4,2 Forccastiag : Forcasting is the projection of the past data into the 
future. There are numerous techniques of forecasting many of which are known 
to the student on the basts of Intermediate Statistics Study VII. We shall however, 
be more concerned here with forecasting types according to their relationships 
with planning and control 

Strategic Forecasting is concerned mainly with market, technological, 
economic and social and political aspects. The marketing system may be 
considered as embedded In the technological system which in turn is embedded in 
the economic system which in turn is embedded in the political and social system. 
Market place is the bsttleground for an organisation where direct, indirect and 
emerging competitors are the enemies. Forecasting the future state of market and 
market share require.*, therefore, forecasting of technological, economic and social 
and political factors. Besides, the needs and wants of the consumer most be 
forecast. 

Technological Forecasting : Emergent competitors with different technologies 
are usually the most dreaded. Nylon destroyed silk and was itself taken over by 
terrylence. Plastics have replaced china crockery, straw chair caning, glass bottles 
jute goods, steel and other metal utensils, etc. 'This requires forecasting for all 
technologies that may have effect on the organisation. Such forecasting would be 
based on own R & D efforts, and perhaps, intelligence information on emergent 
R ft D’s efforts. Incidentally, developments of computer technology itself should 
be carefully watched. 

Emonsk FoKcnstlng : (Please refer to your studies in Eoonomks) 
Statistics and projections of tbe following ftetors are usually available in govern* 
mental journals and publications ; 

1. Employment and unemployment. 

2. Production, income, consumption and trade. 

?. Fixed capita] investment. 

4. Inventories nnd inventory investment. 
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5. Prices, costs and profits. 

6. Money and Credit. 

7. Foreign trade and payments 

The concept of lead, lag and coincident series is particularly useful here. It 
IS also pussible to predict economic depression and booms by splitting economic 
senes into trend, scasonnal, cyclical and erratic components. 

Political and Social Forecasting are the broadest and perhgps the most difficult, 
Siegel offers the follo'wing two sets of factors that may have to be forecast to sup* 
port strategic planning. At a more mundane level however is tax forecasting 

Political Influencefor change. 

1 Increased discrepancy between poor and rich countries 

2 Revolution in human rights. 

3 Government control of innovation. 

4 Government control of ethics. 

5 Government control of data. 

6 More officiency in government 

Social influences for change 

1. Increased emphasis on ecology. 

3. Increased population 

3. Increased domination b^ intellectuals 

4. Increased life span. 

5. Emphasis on arts or leisure activities. 

6 Changing morals and nature of marriage. 

Resource Development Forecasting provides input to the resource development 
planning system If resources are growing in the environment more wNI be availa- 
ble for the firm. The following resources are to be considered 

Plant and Equipment : Included in this category are the furture availability 
of plant sites and organisations for merger 

Materials What materials will be available ? In India, the non-availability 
Ti,**' f* cement is the major constraint on planning for most of the industry 
Therefore, future projections for these and other such material in short supply 
should be made. What materials will be needed, for the future plans to be 
executed ? 

Personnel: Peopje of what skill and qualifications would be required? 
Would they be available i e , would the institutions and training centres be turning 
out such people to the desired extent ? What inducements would be needed to 
recruit key managers ? 

Finance : How will the interest rate vary ? What will happen to the price of 
our shares ? What means of borrowing will be availablej? 

K tc D : What developments are to be expected ? What is. the scope of 
emergent technologies ? 

At management control and operational control levels forecasting would ^ 
needed to support sales, production, inventory and purchasing and budgeting for 
various departments. 
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4.3 Ctoirol : Control means constraininf the events to follow the {rfaat. 
This le^uirfli penodic (or even continuous where possible and feaiiUe) ineatore> 
ment of progress against plans, computations of shortfalls, variances or deviations. 
Based on the variances corrective action is initiated in the implementation process, 
the implication being that some of the variables of the implementation process can 
be manipulated by the supervisor 

There h a hierarchy of plans, with hierarchy of associated controls too. 
Phnninf process, however, is unstructured, i.e., it varies from problem to p rob le m . 
This fact is well brought out by Csroll when he says, "Planning is characterised bjr 
ectterta problems, iteration and reiteration of search procedures, and a look 
psrplfirity on the faces of the practitioners”. But this is not so with control which 
ir moTS or less structured i.e., whatever the plan it is the same. Nevertheless, tbe 
Isllowiilg four gradations of control can be distinguished. 

Aatomatte Control : It is rarely used in MIS. An example, however it given 
to elucidate the gradations of the other controls Numerically controlled 
machines are tbe latest technical development in machining. These machines art 
capable of cutting complex and different contours on componrats. Once the 
oo^ORlUMtei of the contour arc fed into the computer Ac program monitors the 
toed nlbdg the contour, i.e., there is no human intervention whatsoever. 

SmI automatic control is usually possible to ssMiBiae at operational control 
InTri, The computer can execute the decision rules of the control process, the 
inpIloMloa being that the dcciston rules are programmable (Reference : Section 
No. 6'2<2). Consider an example in inventory control. It is to be noted that 
inventory (planning and) control is slightly different from other oontrola in that 
hero planned inventory levels are varied periodically in sympathy with the 
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fluctuation in demand i e , there is no control over the demand and all that can bfe' 
donr IS to revise the stock levels. This is accomplished by revising the reorder 
lev'h and B O i/a periodically To clarify this point the fixed order quantity 
stock coiiifol system is briefly discussed telow. It is, however, discussed at much 
greater length in OR Study K. llie fix<^ order quantity system it controlled 
by riso parameters which can be varied in' sympathy wi|h the demand fluctuations : 
order sue and reorder level. The stotk fluctuations are depicted in the diagram 
hieSoy 
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Figure 6 

1 1 can be seen that the reorder level ia revised periodically. The mathroatical 
details of 'his are discussed in OR Study iL Eveu the EOQ may be revised 
periodically or at the time of placement of the l•(^nl8htnent order The decision 
rules for recomputing ROL and EOQ every period against fluctuating demand 
can be embedded in the computer program and the control, then, is 
semi automatic, because occaaiondly the deostOPTules themselves may have to be 
ie\ red in ihe face of ever-changing circumstances. ■ As explained in OR Study II 
reorder level is a function of the desired service level to ihe custotrer. In a fiercer 
competition the management may want to improve the service level, i.e., change 
the decision rules for execution by the computer. 

Another version of semi-automatic control ia exfdained by means of an 
example in production control Cooiider an aaspaDbly of 56 components sdieduled 
for produaion on the shop floor lf| even a cou^ irf t^ components are ddayed 
beyond the schedule, despite genuine eflforts, the other 48 components would have 
to be postponed accordingly. Not only this, mwn ihe other producU scheduled 
alongwith would have to be rescheduled to «ipioit.1lK capacity created by the delay 
in the assembly under consideration. lliianaioniitB to revising the schedule ie, 
plan, and being a verv complex proceasi sieanbe ilonc by the commiter only. It 
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computer ia aaaitting the supervisor in initiating the oorMctive action. It ia to be 
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carefully noted, however, that«h* eompomnU had beea maaiMlly aapedited bWtorc 
the compater actioa. Tliis<heala a wa dte r eaieioa of the aenu-aatoiatic ooatrol 
for whitA the eonpater, aooordhif te tta dwiaioa mlot boilt into iti prograoi, 
assists the supervisor for initiatiag correetivwnctioa. 

)fet another example ia senff^aeftomatfe cnptrol is provided by statistical 
quality control. This, again is at the operational eontrol level. Quality of any 
produetion process is inherently vangMe owind to scores of such minor 
causes as humidity, toot wear, etc. Being variablMt can be described by c»e of 



Figure 7 

soch distribution as normal, Poisson or bmomal— 3 sigma limits around the central' 
qnaiity level can then be statistically established and plotted in the form of 
control chart depicted above. Batches of output are then taken periodically, the 
average quality of the batch is measured and a point for it is plotted on the 
control ^rt. The UCL A LCL represent the planned levels If the poiht lies 
beymd these, this is a signal for the detertorating process i e some abnormal 
caoses (like negtigence in lubricating the machine) are operating which should be 
investigated and the process set right Considering that (i) there could be 
buodrMS of components each with several dimensions for quality control and 
(ii) a great deal of computations (but with derivable statistical decision rules) 
computer can carry out <’seini*automatic)control 

Stc^u Control : All opsrational plans, however, cannot be controlled by 
OMaas of the computer. For example, daily or weekly cost vanaocei have to be 
analysed bjrtte supervisor himself Computer cannot do this. Likewise, at the 
atUUMgainaat control level semi>automatic control is inapplicable. There are 
nlmikyt aont data not in the michine, some considetations that are non* 
qoauiiaUu and sonM constraints that are subjective. Here then status control is 
•pplienMa. Status of progress is measured periodically and then compared with the 
O^aputer can. however, provide assistance in aggrregating the data M a 



variety of ways. Data represeatiog »chhfcd performance are 
traasachon system and compared apuna the 

operational plan The supervisor aaalyaee tbe variaoeea and tnitiatea corrective 
action in the iinpJementation process. 

Anticipatory Control is generally exercised at the resource development 
planning level. The predicted perfomaaoe is measured against the resource deve* 
iopment plan ihis process is called tread measurement. The supervisor 
initiates corrective action on the basis of predicted variances. 

Tbe nature of Control : The idea of control may be represented in elementary 
form as in ngure 8. Control comprises the following components : 

The System which can be defined as an assemblage of objects or functions 
united by some regular interaction and interdependence. 

of poramclers, pareineters are those variables 
which can be vaiied at will by a controller. 

of hst of other variaMee which can only be altered 
poin?s'^* ^ ‘’y varying the input and remeasuKd at conaenient intervals of time and 

in information is fed back to a controller who, 

m he light of this information agmnst the standards plans, alters input para- 
meters In the feedback we are interested in the error or divergence or variance 

The controller will make wr recti on m thl 
opposite diiection to bring operaUon of mtein back to what is required Hence 
what IS required IS negative l^baek. length of time the fSdback proems 
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takes is important for, uati/ correction ofiapuf takes place, the system wiJI be 
producing inaccurate output, 

The msasunng device to measure the progress of the system is known as a 
sensor which being a fitting nomanciature in the context of machanicai systems. It 
requires a unit of measurement for the outputs. Frequently, it is not possible to 
devise appropriate measures of some outputs. For example, the machine shops 
of the Heavy Engineering Corporation at Ranchi produce machined components 
varying greatly in size, shape and weight. The output, therefore cannot be 
measured staiisfactorily and alt the small or large parts arc merged together for 
this purpose, measurement unit being tonnes of production Some other outputs 
may either not be possible or too costly to measure Such variables would have 
obviously to be ignored in control. Having selected variables to control conies 
the question of establishing the periodicity of measurement wnicb. in the context 
of MIS, IS usually in the form of classified data aggregated in the form of reports 
For example, at the management control level the progress may be measured 
monthly and at the operational control level the progress may be weekly, daily and 
even hourly basis Occasionaly progress may also be measured continuouiiy. 
Also It IS dc’irable to check the sensor periodically to ascertain if it M~jla f^ivi« 
or biased or recording false information in some other way. Regard!^ bias, 
consider an example in reporting of production. The production superintendents 
usually tend to report progress on the items put to inspection whereas actually 
progress is the items okayed by inspection. ITiis introduces bias in the sensor 
Also sometimes the collection of information may seriously affect the working 
of the system itself and hamper it. For example, this may be so if long and 
complicated forms bave to be filled in by the production workers 

4 4. Modelling . A scientific model is a representation of some subject of 
inquiry. The subject may be objects, events, processes or system. The modci 
may be used for purposes of description, prediction and control. The model 
affords easy manipultation of some of its aspects to determine the effects of such 
a manipnlation on other aspects or the whole. This, then, can be generalist 
for the modelled entity. The real system of the entity is not, therefore, disturbed 
during such expenmentatiou. It would be cither impossible or extremely 
difficult and expensive to experiment with the real system. Industrial organisa- 
tions are quite complex and to determine the effects of such changes as scbtuling 
rules or inventory policies on the organisation directly would be too time 
consuming Not only that, such experimentation is liable to upset the entire 
working of the organisation into chaos. It wi^'be absurd for the Reserve Bank, 
for example, to try different discount rates to disess their impact on the aational 
economy. 

Three types of models below may be distinguished (Ref. OR Study I) 
1. Iconic Models, 2 Analogue Models and 3 Symbolic Models. For forecasting 
and planning symbolic models are mostly used. Analogue models find exteaidve 
use in control 

Models and Planning : Modelling ia common denominator of forecastings 
planning and control, all the three of which are inextricably mixed. Planning 
without forecasting and control U unthinkable. When we say mauaimneat control 
or operational control forecasting and planning are also Likewise, when 
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we say strategic planning, forecasting too is implied— in this particular case 
though control is virtually non-existent. The purpose of discussing planning, 
forecasting and control separately has been to set forth the management planniQg 
and control activity as explicitly as possible since ihis is what has to be supported 
by MIS Now each forecast, each plan and each control is derived from a model 
Control models are mostly analogue in nature but forecasting and planning models 
are'usually symbolic. (Below (p 23) is given the proposed modelling structure for a 
business organisation) Models bring out the information requirements most 
explicitly. Once each of the models in this structure is clearly defined information 
requirements for planning and control are completely and comprehensively deter- 
mined. The need to define models is particularly acute in computerised systems 
since computer would only hum if something is left undefined In manual 
systems, the manager can exercise judgement and intuition but is not modelling 
the basis of judgement and intuition there as well 

Simulation models (Ref, OR Study VI) ate a special class of symbolic 
models They relate probabilistic variables by essentially executing a senes of 
events at random, but in such a way as to conform to the given probability 
distribution Often we employ a conglomerate of mcdels i e. several models 
interacting with one another. An example on such a conglomerate is to be found 
in OR Study 11 where exponential smoothing forecasting and E 0 Q. models have 
been combined Simulation is particularly useful in testing if such models in 
combination work satisfactorily 

The student may also refer to OR Study I for phases of model building. 

4 5 Computing Computing is systems analysis and programming. The 
various phases of systems analysis are discussed in detail m SADP Study 111. 
They arc listed below : 

I Area Selection 

II Feasibility Study 

III Compilation of Master Development Plan 

IV Systems .Analysis 

V Systems Design 

VI Systems Implementation 

A few words here on systems analysis and MIS are necessary The two are 
practically synoymous in U S A and mainly the letter term is used. In U K., 
especially in the past, systems analysis has been j more prevalent term though 
MIS is steadily finding use. Systems Analysis has the connotation of a one-shot 
activity i e. system is designed, computer installed and the systems analysts team 
tMaaded to be engaged again only upon need of any nmior systems overhaul and 
■dvatiwraeot or dismantling of the existing computer installation. '!l^ia though, 

fairly widely practiced in the past, is increasingly being abandoned in favour 
of coMittuous systems development of projects for computerisation as continually 
trifpred by the systems maintenance (Syn : audit) activity. Organisatumal objec- 
tivaa, and mace the Mis objectives, do undergo continual change via strategic 
pinitipg amidst everchaning world. '' Therefore, systems analysis has to be a 
cooljMlotis ai^ivity Continuity, besides being essential, also, permits sophistica- 
tion of planning, forecasting, control and modelling abilities with time, 
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Wc (lorivec! the modelling structure forecasting Where does it 

as the rf docusMon on planning niasler development plan in 

hr then ’ In d'Si-Us^ion on -^roach It requires whai we do 

SADPStedy II/,ucmencioned the bottom up app cn^ but approach it in 

not jump to a high!} iophisticafed computer ^cAnp stuJv III below for 
stt>ie.thedcscnpiionaMiisrcprcd^^^^ from SADF MuJy 

quick ref.rence 


liottom up Approach Jt consists of the foUomng five steps : 


I 

2 


individual funcoonaJ apphcat.ons arc planned 

sisi of transaction processing, updating of files and Simple reports 


The hies of the various functional applications are integrated by means of 
indexing and chaining into a data base On line inquiries can now be 
handled by means of the random access disc Storage The information 
requirements of the operational level are thus completely met at this 
stage 


3 Such dccison making and planning models for the various functions as 
follows are then added to operate on the data base at the management 
control level production plaanine by linear programming, etc, 

4. Integration of models into a model base having a wide variety of analysis, 
decision and planning models The model and data bases may be enlarged 
fo include data for the expanded use. The ROl|model, for example, 
straddles over different funcions and it would not by possible to compute 
ROl in one stroke under the scheme of step 3 (Sec Study Paper No. 1 
in Advanced Accounting). 


5 Strategic planning data and planning models are added to the informa- 
tion system. The data requirements for strategic planning involve new 
environment data which should be added to the two bases in this final 
stage” 


Consider now stage 2 of the bottom-up approach. It calls for development 
of a data base which (s discussed more fully in the following section It is ihe stage 
3 and beyond where thnmg in of the modelling structure of figure 9 is called for 
The modelling structure may stay the same but surely the variable, parameters, 
and constants and even structure of the individual models would undergo change. 
Such changes would be brought to the analyst’s notice during the systems 
maintenance phase Thus initially the structure would have to be built into MIS 
but subsequent appropnate changes would be continually incorporated in it. 


4 .< Data Base Admiaistratioa : In a small organisation, data processing 
functions are perfoimed by a clerk who would have a set of thick and well bodnd 
ledgers in front of him. He processes an order in entirety starting from updating 
the stock ledger and placing (if necessary) a repteuishment order, updati ng t he 
order book and billing the customer Likewise he can answer queries of the owner, 
customers and veudon^lw flipping throu^ appropriate ledgers He would balaim 
the books at (ho and of omr and if costing figures were needed, he could 
tain separate reowtli for taeoi too. lu a way, then he has all the needed infug* 
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motioQ ti bis finter tips. As the organisation grows m size, the number of ledgers 
an4 the cfcrkt to maintain them rise, division of labour takes place Each derk 
speciali'es in a particular task. Data processing may reach the threshold where 
unit record equipment or computer is considered more economical To make 
efficient use of such mechanised systems batch processing is usually adopted. 
Different kinds of transactions are processed in different machine setups in sizeable 
batches. But this does away with flexibility of the early-day methods of the 
sing/e clerk. Records are out of date by a week or whatever the processing period. 
Furthermore, whether or not there was transaction against an item, it would be 
written out afresh (viz on the magnetic tape) And inquiry handling is virtually 
impossible. For example, ROI data staddles reveraJ functions and if the manager 
wanted ns value at particular dale, several files, may have to processed to compress 
the raw data into this information. With the increasing size and eonplexiiyof 
the business such inquiries become everyday occurrence. Thus, batch processing 
may ensure good utilisation and productivity of the computer but it cannot fulfil 
the varied information needs of the business. The more advanced system of orga* 
nising the data in a data base offers considerable flexibility. In a data base, all the 
data items, no matter to which department they belonged originally in (he manual 
system, are pooled together, usually, in the tnagretic disc storage lustasacle.k 
can flip through several files promptly to collect and aggregate data for presenting 
such information as ROl, the data base can also be quickly and directly searched 
To enable this search, however, the various data iiems In the hierarchy of RCl are 
suitably linked Therefore, to embed the necessary linkages such inforrra'ien 
needs as ROI have to be conceived during the initial stage of organising the data 
base Since, however, businesses operate in a dynamic environment the informi ion 
needs arc likely to undergo change The data base should therefore be restiuc- 
turable to cater to the changing needs Compression or aggregation of data how- 
ever is not the only facility provided by the data base. It also offers the possibility 

of experimentation with data. Executives often need information on such matters 
IS effects of slashing the advertising budget by, say 10% or the personnel impli- 
:ations of the marketing decisions or the impact on production of a new distribu- 
ion strategy or the labour costs associated with higher sales, etc Such types of 
‘xperiments can be conducted on the data base and the necessary information 
.upplicd to the executive, For these reasons, data is increasingly being viewed as a 
>asic resource As with other resources, professional management and organisation 
if the data are needed. The importance of making efficient use of data will become 
o great in computerised systems that this will have a major impact on the growth 
ind survival of corporations. Data base ensures both efficiency of storage and 
fiiciency of processing, the former stemming from elimination of redundant data 
iclds See the following charts intended *o bring out extent of redunpancy. 

'he processing efficiency not only results from reduced file storge but because the 
3gicaliy related data wbicb, otherwise, would be maintained m separate files, is 
ow found linked in a single file This has already been illustrated by means of an 
xample on information for ROl Sorting, comparisons and merging which are 
ften required in batch processing are annihilated The data base improves effici- 
ncy for retrieval of information because all the files are found logically related in 
single place. 

The difficulties of standardising and linking the various data fields and main- 
lining the base can be a formidable task even in a moderate s>ze organisation and 
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indeed is a Herculean task in corporations with several plants and dj^sion$» hence 
the need of the data in charge known as the data base administra^. Like a lihra> 
rian who is the custodian of the library the data base administ^to^r (D,B.A.) is the 
cuatod'an of the data base. He controls the overall structure of the data b^ and 
it indeed is an onerous task considering that he should not only bv an expert in 
data base technology bJt should be well infoimed on organisational policies. 
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The same data items are used in multiple records and documents. 
Figure 10 (Source ; Principlerof Data-Base Management by Mbrtiu J) 
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It is to te notad however that like the custodian' lockers in a bank the D.B A. 
is nWrely a custodian and not the owner of data. He is responsible for safekeeping 
and controlling the data. Data may~be used by anyone who is entitled. Also just 
as the locker custodian knows that such and such persbn owns suc^ number locker 
but is ignorant of its contents the DBA too, knows, for example, that the 
payroll record has a SALARY data item and if it has to be expandied from 6 
to 8 digits only the D.B A. would do'it. The DBA. encourages standardisation 
of data items and establishes the right data structures and layouts Therefore^ if a 
programmer wishes to amend a record or data items he must seek permission of the 
D.B. A. since the latter has an overall view of the system and will make the right 
arrangement. Since data base administration requires understanding of the data 


WeCOROSOB 
DATA GROUPINGS 

~CUtTOMCR INFORMATION 
CHECKING ACOOVINTB 
SPECIAL ACCOUNTS 
SAVINGS 

DEMAND DEPOSITS 
REAL estate LOANS 
COLLATERAL LOANS 

miscellaneous loans 

TIOfOVER 
AUTHORIZATIOM 1.0 
CREDIT SUPPORT 

ACCOUNT HISTORY 
• 

I 

I 

ACCOUNTS RECEIVABLE 
GENERAL ACCOUNTING 

general ledger 

READY reserve 
CENSUS 

CASH INVENTORY 




Source : Principles of Data Base Management by Martin J. 

Figure 11. The ssuae fUea or data grouping a:e u^ in multiple applications. 
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base, its organisation, its economics, its design criteria requirenients of numerona 
Bsers the D.B.A is not usually one person but a department or a group. The 
chart on page 2i shows the responsibilities of the users (planners, forecasters, 
supervisors and modellers) : systems, analysis, application, j^tigrammers, £>.B A. 
and corporate D.B.A The corporate D B A. is also known as the data adminis- 
trator and supervises the D B.A.’s of several data bases to be found in large cor- 
porations. 

Users and Suppliers of Data Base : Users include the application programmers, 
planners, forecasters, modellers and supervisors (including managers). With com- 
plete directory or dictionary (syn ‘ schema) of the data items the users know what 
data IS being maintained in the data base and can forecast plan, control, model 
and program much better than was ever possible with individual applications. 
Also, the user will find much easier access to data because of the better retrieval 
and report generation capabilities. The programmers are however restricted in 
that they can not now alter data dels without D.B.A *s permission. Likewise the 
users would be issued passwords for accessing only the data they are entitled to. 
Thus all the users have to sacrifice some of the facilities available with indivi- 
dualised applications to reap the benefits of the data base. The suppliers of the 
data (viz sales department for customer’s orders and remittance advices, goods 
receiving section for goods received, etc ) would find that there is greater emphasis 
upon the integrity of data since an error now in the input data may effect several 
users. The data quality standards will be enforced by the D.B A. 

The Schema : The schema is the information that describes the data base. 
Especially one can think of schema as a dictionary which describes all tlw data 
Items by name, length, etc. i.e. all the data items and relationships amongst them. 
For example, the PURCHASE ORDER record is connected to the PURCHASE 
ITEM records of which the former is composed. Likewise the SUPPLIER 
RECORD IS connected to the QUOTATION RECORDS indicating the parts that 
the supplier can supply and the relevant prices, discounts, terms etc. Such 
relationships are suitably portrayed in the sclKma. 

The sub schema : The sub-schema refers to the programmer’s view of the 
schema of the data item types and records types he uses Thus sub schema is a 
subset of the schema which the programmer puts to use in his application 
program. Consider a stock item’s record as schema below. 

Item No. Description Specification Date 


Status 
ROL . 


Units ABC category Cost 
•EOQ Leadtime Supplier. 


Service factor 


Receipt I Issue 


Balances 


Forecast d Re-order Data 
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floods received would consist ol ite 

Th^ «iib-scbem« • A chart of a portion of the dat« which is oriMted to ^ 
„eed^f ^nc^Tmore application programmers (appliction progrtBllWr.’ View) 


k it 

ricMdi ato 


The schema 


A chart of the entire logical data base (D,B.A.’i view). 


TheiAvsIcal Data Base Description • A chart of the physical hyo^ of the 
dalal^th. *" «« (syslem designer's and syslems pror*”"*' • '’*»)• 


Legke/ ud Physical Records 

Sy^gcaLTonitschL the 9 , terns he ordered const, tates one logical record bat 
10 physical records 

In the daia base context, the data fields of a record may be dispwi^ in 
d.ffercn files i.e phys.caMy they are not contiguous. Yet from the application 
programmer’s point of v/ew these diepersed fields pertaining to this record consti- 
tute one logical record. 


Data languages are needed to represent the aefaema, sub schemas and the 
physical layout of the data with pointers, chains etc The same language may be 
used for each of tiicse as the example IBM’s IMS or different languages like 
COBOL etc may be employed. 

Referring to figure 12 program 1 carries complete like description of the files 
A and B on which it operates. But in figure 10 this program has just the sub- 
schema lacorporated This requires less storage space for the program. 

Now data base ought to be restructurable, i.e , if data base is reorganised to 
suit the modifications in one application program other programs should remain 
valid I.e. they should not require modifications. This problem is an advanced 
topic’and the student need not worry over the technical details. 

Data base management system is a^special software that does translation bet- 
ween the logical data organisations and whatever physical organisation gives 
efficient performance. It is interposed between the application programs and 
data base to permit restruclurability. 

Concluatoa : In SADP Study III, one of the stated general objectives of MIS 
is to harmonise the interactions amongst forecasters, planners, supervisors, 
system analysts, programmers and DBA This should now be obvious from this 
dWussion above that these people have a great and complex deal of interactfons 
and ought work !n harmony. 

5. Role of Computer iu MIS ; Coraputeris rolr in MIS, as should be apMcent 
f^om the discussion on six levels of MIS, is to be appraised on the followini 



winrti ; fliaciat, iloairal, ■odcltlDS, syiltiM taHlsfflf fiKilitiet 

<»flbfed V tbaiite MM*, u bdoir. 

1. F«ncmi^:(A) Coapaler cc* perform Mch hiiloricil analyiea as 
befow speedily whia may be diincult or even impostiUe mMMlIy. 

(i) Datf smoothing by means of movlbp averages or wei|hted moving 
averages Uoduding expooeatial smoothing) to disentangle the underlying 
trend from amdist irregularities. 

(ij) Seasonal Analysis : Economic activity varies with seasons viz. sales of 
ice cream. The seasonal analysis can be used to compute the seasonal 
indices. 



Figure 12 



Figure 13 

ii>) Cye/feef Analffsls : Cydet of booms and depressions can be discerned by 
factoriof an economic time series into trend, seasonal, cyclical and error 
opatponenta,' 
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(iv) Correlation and regression analysis : Such relationships as the variance 
of sales IS proportional to the mean sales etc. can be discovered. 
Multiple regression analysis involves a great deal of calculation and 
computer would be pariiculariy useful here^ 

(v) Auto- correlation Analysis : There are tome variables that have a time- 
delay relationship, viz sales of repair parts in a period is a, function of 
the sales in the preceding period. Such relationships can be established. 

(vi) Data Description : Various frequency distributions can be tried for a fit 
in the given data. Later, the goodness of the fit tests can be performed. 
Such summary statistics at mean, mode, median, SD, MAD, skewness, 
etc can be computed to describe the given data. 

(vii) Optimal parameters of the selected forecasting model can be derived ; 
for example, in simple exponential smoothing model what value of the 
smoothing coefficient to use ? Different values are tried on the historical 
data and the one that yeilds the least cumulative squared error is selected 
for implementation. 

(B) For routine forecasting too, computer provides considerable assistance, 
For example demand forecasts for thousands of inventory items may 
have to be prepared every week, month, etc. which would be impossible 
manually but quite within the reach of the computer. Besides, such 
sophistications as adaptive response and tracking signals can be lacor* 
porated to monitor the forecasts. 

Planning ; 

(Al Planning can be done more frequently and even continously. Because 
of constraints on computational and data prccessing abilities in manual 
systems, it used to be the practice to set reorder level annually Impor- 
tant demand fluctuations were thus ignored resulting in higher stocks 
and poorer service than is possible now in computerised systems where 
reorder levels can be revised much more frequently. Eilon reports 40% 
savings m stockholding for the same service by periodically icvismg 
reorder levels on the basis of his extensive simulation experimentation. 

(B) Sophisticated models for planning can be employed. For example, linear 
programming, etc, can be used for production planning. In particular, 
project planning and control (both physical and cost-wise) and resourc^ 
allocation can be excellently carried out by means of CPM/PERT on the" 
computer. 

(C) Simulation can speed up evaluation of alternative plans. Simulatiopis a 
method of^j^eproducing the ipajor elements of a dynamic situation within 
the Foreshortened tiaae available through programming a computer. 
Thus, instead of waiting for 2 years to see the results of a capital 
investment project, the 2 year’s experience may be simulated on the 
coropnier, 

(D) The user can interact with the computer to do better planning. For 
example, he may pose a onestion as what happens if the advertising 
budget IS slashed by 1S%. The computer, according to the mgthe* 
matical model embeoded in its program, would provide him with tiM 
consequences with which the user may not be satsisfied. Based on the 
answer, however, he may alracturc anoiner question and so on until the 
man and machine have iterated down to a satisfactory solution with g 
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fipe Mend of their capabilities. The planoer, together with this type of 
interactive computer, can probe for data items, compare data, analyse 
relationships, te't for various conditions, evaluate, execute, and produce 
answers to many *wbat ir questions. Tbe interactive computer thus 
amplifies human intellect, 

(E) For complex planning situations heuristic rules can be derived. Such a 
rule in production sdoeduling might be to schedule late items first, etc, 

3 C**ntTtd : 

(A) More comprehensive, varied, accurate and frequent reports can be pro- 
duced where necessary, 

(B) Statistical quality control techniques can be used to monitor marketing 
and financial ratios, 

(C) Variance analysis plus othei analyses which might assut in understanding 
both the reasons for variances and also the courses of action that will be 
corrective can be undertaken 

4. Modelling : 

(A) Mouels can be tested for robustness simply or in conglomeration against 
hMtorical or hypothesised data by simulation or otherwise Sensitivity 
nna/j SI j can be performed to see to what extent the input variables affect 
tne output variables. Computer can also assist in model building to sort 
out relationships. 

5. SysteoM Analyaia : 

(Al Several alternative MIS designs can be evaluated by means of simulation 
experimentation 

6. Data base facility : 

(A) Data is no longer vivisected depirtmcntwise. \ll, phnner forecaster, 
supervisor, systems analyst, and modeller, can discharge tbcir functions 
much better. 

6 2 2 Programned vs. Non programmed decision : A Computer program is 
defined as a plan for the automatic solution of a problem and tbe nomenclatures 
■programmed’ and ‘non-programmed’ decisions are based on this definition The 
ultimate goal of MIS ought to be to automate as much decision-making as possible 
to relieve ihe human beings for exercising judgement intuition and deliberation on 
more complex iioii-programmed decision-making. Such decisions as are repetitive 
and rnutme are usually amenable to programming Examples would include deri- 
ving E O Q's, setting ROP’s, making payroll deductions, appraising credit worthi- 
ness of customers, etc. Non-programmed dec sions are usually new complex, non- 
structured, elusive or involve major commitments. Examples would include adver- 
tising budgets, lutroduction of a new product, piicing policies, etc. Now. whenever 
programmed decisions are based on suU^cal rules (viz letting safety stocks) there 
is no need for any extraneous human judgment over and above the decision rules 
derived initially Statistical decision ru^ would, in tbe long run provide the 

desired protection agnnst unfavourable outcomes Thus, if decision rules for 
setting safety stocks have been derived for 5% disservice to the customer, thew 
application on routine and repetitive basis will ensure this in the long run. There 
have been several instances in stock control circles where tbe junior clerks have 
reacted to unusually high or low demaods (ignoring the decision rules by adjusting 
the reorder levels accordingly by judgment) This only resulted into fiuctuations 
in the inve.itory levels that were wilder than the demand fluctuations.* 
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decisions IS st&od&rdis&tioa of infortonUoP /n the ssnti 
Making programmed ^ ia a survey, it wa- 

ofthe the manJgers make can be programmed 

concluded that aiwut y /o automation Computer can make 

SoEr^m“f decisions accurately (according to mathematical decision rules 
’^Ifs/dd^d^in Its programs) and consistently as against the human beings who do so 
hv habit and hunches and aic neither accurate nor consistent. Just as production 
nr^ocesses can be automated to great many advantages so also decision-making in 
MIS This revolution can be brought about by management science (operations 
research and associated mailiematical and statistical tools), computer and reo gnis-^ 
mg situations for the application of management science dnd computer, ft is how- 
ever, to be noted that there is considerable scope for programmed decision making 
in manual systems too The decision rules for computing E O Q ’s mav be entrus- 
ted to clerks for application, for example they can use E O Q slide ri.k: nomo- 
giams etc .is aids just as interest tables are used in banks In manual .sssn m, then, 
piogramniing decision making would also cut short the training period o! .i,.- kw 
entiants 

T'lc following pi ocedure may be adopted for programmed decision! ■ ■ 

compulerntd systems 

i\n.nlysr Hie problem by meats of management science approach ■ 
a decision-ruie that solves all applications Appendix 1 should giv* ' 
breadth of areas over w'bich management scence or OR models ar' i o 
anexample however, the following E.O Q. formula is a decision t ih o. r 

mal order size from amongst an infinite alternatives (i e , ordei sized 

EOQ-yl 


Where Ca— Acquisition Cost/ordcr 
1 --Rate of Return 


A^annual demand 
C —unit cost 


2. Program the decision rules for the computer In the E () 0 -■> o plc, 

this may require writing the necessary instructions for calculating 1 t'O and 
embodying them as a sub-routine in the computer program 

3. Design the input of the computer information for automatic cic^i.Mon by 
the computer In the master stock control file, the purchase card for each item 
should then carry data fields for C and A., Ca and I (for boughi-oufs in >y, how- 
ever, be put in the program if they are common to items. For all in.ide-ins Ca 
would be derived as below : 

Ca (f) [setup time X cost/hour of the operation] Ca (f) is the fiTPd compo- 
nent of Ca and reflects the costs of the drawings \i'orks order etc released f u each 
order. The variable component varies with item. It is summation of the product 
of setup time for each machine and the rate (in Rs ) of the operation, 1 his would 
require that oeoessary data fields are included in the master records 

It might appear from the discussion above that decision rules once derived 
are valid lor ever. This is not necessarily and usually so E.O Q ’s may not, for 
example, be applicable for a new year The demand of goods rises and the E O Q’s 
computed according to original rules may violate the total storage space and/or 
capital that can be released for them. This would require modification of the 
original decision rule. Likewise tMe RBI may change the interest rate and the 
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tnoks would have to incorporate the chanjjed rate in their programs. Thus an 
occasional human iaterveition m*y be needed to attune tjbe decisimi rules to chang- 
ing circumstances. 

Now refer to figure 1 . It is to be seen that lower levels of MIS arc computer 
dominated i e , there is a great scope for automating deasion making for accounts 
receivable, payroll, inventory control, order placement (vendor selection etc.) custo- 
mer billing, shipping schedules etc but as we proceed upwards non-programmed 
decision-making assumes greater importance. 

Non-programmed decisions are ill-structured and in the nature of one shot. 

, Managers attain maturity in making non-programmed decisions with training and 
experience. Training may be imparted by me^ns of case studies, and most business 
schools have adopted this mode. 

7 LIMITATION OF MIS 

(1) In the past several computerised MIS*s failed because the old ways were 
being automated. But it is also dangerous to venture upon a much more ambitious 
MIS The management must study the systems of the companies with regard to 
failures and successes. One should take advantage of iheir accomplishments and 
mistakes and should go only slightly further MIS, at present, is only m adoles- 
cent stages and it is also very fragile, 

(2) There have been talks of complete integration and very hostile retaliation 
to the idea of integration Integration implies equality of advancement in each 
sub-system and the facts are contrary to this notion. One slacking sub-system 
would throw the entire integrated MtS out of gear. That complete integration is 
possible 1 $ a myth or at best far off from now. 

(3) The managers should involve themselves in the systems analysis phase 
and come out with their information requirement explicitly as otherwise the techni- 
cians would decide what information the manager needs The systems analysts 
should never be given the commanding position in MIS planning. Much depends 
therefore on the manager analyst interaction. Since the interaction is humtn 

versus human conflicts are liable to occur and the personalities matter a great deal. 
Obviously this leads to development differentials in different sub-systems. Since 
there are frequenf shuffling of the managcis in any organisation MIS is inherently 
fragile or highly sensitive and requires continuous monitoring 

(4) The hardware developments have been spectacular We have witnened 
four generations of computers in less than 20 years. Software developments have 
been rather slow and catching up with hardware development is naturally expen- 
sive The success of MIS hinges on the qual.ty of software for which there is 
scarcity of the bramwarc i e systems analysts, systems designers and programmers 

(5) Operati jns research and mathematical models have been oversold It is 
to be noted that several simplifying assumptions are made in construction of these 
models Obviously this reduces then utility. Less Simple models would be diflScult 
to construct as well as serve. Jay Forrester of MIT has convincingly shown how 
valid sub-models can give wrong results when they are aggregated in ore model 
Such fields as marketing are not so amenable to mathematical modelling In in- 
ventory control the independent demand items and dependent demand items stand 
in the ratio of 1 ; 100 The papers published on these are just in the reverse ratio 
100 1. The student may note that' only independent demand items are susceptible 
to mathematical modeling 

Contd. on page 3t 
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Contd. from page 35. 

i 

t (6) The systems analyst has to be proficient in so many diverse areas to 

satisfactorily design MIS. Obviously, it would be difficult to secure such a super 
analyst A team and highly balanced one at that is needed 

(7) It IS a fact that computers have turned out piles of outputs for the 
manager Most emphasis in devising MIS goes to pointers, indexes and chaining 
in the data base and literature is virtually devoid of discussion on saving the 
manager from over abundance ot information or in Ackoff’s words there ts paucity 

$ of literature on filteration and condensation of information The manager suffers 
l from information overload. One of the possible reasons is that the manager is 
not fully conscious of the process of his decision making and his data require- 
ments. Hence the manager who does not understand the phenomenon he controls 
plays safe and with respect to information wants ‘ everything”. And the analyst 
f understands it still less and is willing to provide everything 

(8) Information problems of each company are unique to itself Therefore 
during the development states, it is extremely diffieult to estimate with any 
certainty what tin c it takes to develop the programs with a given pool of analysts 

1 and programmers. 

(9) Budgeting for MIS is extremely difficult. Some of the questions that 
arise for budgeting are .— 

Is the program new or a modifieation of an existing system ’ If new, is it 
similar to any previous work 

What degree of complexity is involved with the input/output, filer, as well as 
calculations in programming ? 

What IS the size of the program and the expected storage problems ? 

What IS the level of the programming language to be used 

If the system to be mechanised exists, is it well documented ? 

(10) The data base concepts have been realised by means of the magnetic 
disc media. Since the updating on discs is carried out by overlaying the previous 
records are lost IJ therefore, there is any corruption of data it is diflicuU to trace. 
Owing to possibility of such an information common to many files such corrup- 
tion asrumes high proportion The fear of a major systems failure therefore is 
alwayi lurking The information on magnetic disc can be periodiclly dumped on 
magnetic tapes to facilitate tracing of corrupted information but this is quite 
cxpiCTsive, 

(l\) Decision making at higher levels still depends upon the “feel”, intuition 
and guts of the executives because a\\ the data and cost (specially, about the 
competitors and exerternat environment) cannot be collected with reasonable 
time and at reasonable expense. Management Science and computers can help 
golNt some 0 ? tVve pioh\ctn% at th\s\tNt\h\t\ \s about of the \t\gttd\euts 
tom •. %% to be su^pbed b>| the caecuVtNca. 

f PnnMd at Arce«t Pm* 4,000 — JuIy '84 - (Reprint) 
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Oven^ of Material 

Tbit itudy miterial deals with the evolution of Optemkkms'AeMai^ in the 
context of devcld^ent of the industrial and business orgimisations, to the present 
day compleaity ; the scope and purpose of O R. 'are outlined. Being a relatively new 
science no universally acceptable definition has been offer^ as yet, and therefore, 
some of the O.R. defini^dns are crititefiiy appraised with respect to the current practice. 

The methodology of O.R. is dealt with in the following phases : — 

1 . Formulation of the O.R Problem 

2. Construction of the O.R models. 

3. SolUtion,of the O.R. models. 

4 . Tteting, implementation and control pf O.R. models. 

It is suMerind that as the student goes through the fiottosKing studies on O.R. 
he should interpret the various O.R., problems in the above phase». In practice, 
however, a clear distinction between ahy t^O phases may hot obtain and tbp jdiases 
may well be dverlappihg. 

N.B The swdet t is also advised to first read through SADF Stiufy paper-III and 
O.R Study paper-1 to VI and then read this Study note care^ly again. 

An Overview of Operations Research* 

This section is intended to provide 4 sort of layman’s introduction to operations 
research before we proceed with the techiiiiialhies in a more rigorous form. 

It IS rather a new science and its origm, m a significantly discernible form, dates 
back only to 1940. In early days of industrialisation the enterprise was flurly 
and manageable by a single person, usually the owner. He did the supervision of 
production as well as managed all the associated functions, which now>a>days have 
distinct entities, e.g , planning, procurement, naarketing, finance, personnel, etc. With 
the impetus provided by mechanisation and automation, the enterprise rapidly grew 
in size, complexity and geographical spread. It was no longer possible for a single 
person to perform all the required functions ; there arose the necessity of assistance 
by functional or departmental managers. The owner was replaced by the board of 
directors who were rather remote from the actual production. The intermediary 
managers were specialists in their fields ; Design, Production, Marketing, Personnel, 
Purchasing, Public Relations. Engineering, etc. etc.. Continued mechanisation necessi- 
tated further sub-divisions of each function. For example, production was sub-divided 
into supervision of production, inspection ahd quality control, planning, storing etc. 
This, together with multiple plant operation horizontally and vertically and geographi- 
cally, contributed fbrther to the hierarchy of the managers. 

*Opemtion 8 ' Research is synonymous with Operational Research (the nomencla- 
tures in U.S.A. and U.K. respectively. We shall use the former, the more common 
one throu^out. * 
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Concomitant with the tulKlivifioiu of the total management fhnction into com- 
poneats^at the effort devoted by scientuts towards speciaUsation and enhancing 
functional efRciency. Departmentalisation, though essential for conducting the opera- 
tion of the organisation, did away with the broad (and possibly vague) perspective of 
the objectives of the enterprise of the early day single owner. Each department 
Developed its own sub-objectives which might conflict whh those of other departments 
and may not conform to the overall objectives. O.R. (abbreviation of O^patioDS 
Research), in a laymans' language, seeks, to be the substitute of the single ownm^s 
overall perspective. 

In these terms, each time a managerial function is broken down into a set of 
sub-functions, a new task is created that of integrating the diverse sub-functions so 
that they serve efficiently the interest of the whole. This integrating task is the 
executive furction of maragement To carry out the executive function, it is necessary 
to lay down objectives and methods and measures for achieving these objectives. The 
company executives usually have the following objectives for the nuun functions of the 
business : 

Prodactioq : To minimise the production cost and maximize the producthm 
volume. 

Marketing : To maximize the sales volume and minimize the sales cost 

Fiaan^ : To minimize the capital investment. 

Personnel : To maintain morale and high productivity amongst the employees. 

fhese Ainctional objectives may be inconsistent with each other and, therdbre, 
hard to pursue in pracfice. Consequ^tly, when each department pursues, its own objec- 
tives conflicts may arise among the various departments. The inventory policy of a 
company provides a good example. The sales department would want generous ioven- 
tories over diverse range of the product so that the customer can be promptly serviced. 
Finance, however, would tend to keep the investment to the minimum and that masiw 
maiiHaining the minimum inventory. Thus sales and finance conflict over the mvmi- 
tory policy. The aforesaid objectives of sales would require the production department 
to be flexiiile enough to’ fill even the special orders at a short notice ; but jnoduction 
would be inteTested in long, uninterrupted runs to minimise the production cost Tim 
personnel department would like to stabilise labour whidi can be aocompliahed when 
gpods are pranced for inventory during slack periods, etc. 

The departmental objectives have, therefore, to be suitably reconciled and the 
problem is then to devise an inventory policy that is best or optimal for the orgaaisa- 
timi aa a whole. This is an example of tiie executive type of proWem that is solved 
by (^smations Rescatdi. In tim eariy days, such a problmn did exist but only in a 
very mdiineotafy fbrm and was intuited out by the owner himsdf. POr the present 
tiay indudiy* lu^trevur. flUs would require an otensive research (ff the operations of 
the coteipriaa ip a agrsliantic adentlllc way to resolve tiie ooniBcts suitably. 
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Coatinoiiif onr auuq>le of invantoiy policy, theproUnn hisdtqMr rood, in 
fact Eren within the prodoction department tba oonfliots in ol|}Mth«c an to bn 
encountered. The pfodoction aupei^r would wiih to Imn at lofig an iiainiirnipted 
run for a given machine iet*np as possible. This tends to minimisa Iho produdion 
cost. 'Qys implies that he would like to have as big lots or batdies of each item as 
' possibl^^ut the warahousing may be restrictive here in view of the limited stor^ 
space. The depth of the problem brings one towards the scq;ie of O.R. 

What has been said about the industrial and business orgaaisatioas appUss equally 
well to other human organisations, e.g., the military. Inddeutally, the ori^ Of O.R. 
lies in the military context in the U War. We shall, however, continue our attanthm 
to industry and business. 

Scope of O.R. 

Management of a business firm involves a large complex of activities involving 
analysis, decision, communication, leadership, motivation, measurement and oontroL 
O.R. focusses on the fundamentals of analysis and decision making. An objective of 
O.R., as it emerged in the context of discussion on evolutitm of industrial orguiim* 
tkmB, is to provide the management with a scientific basis for solving problems invol* 
ving the interaction of componentt of the organisation in the best interest of otganim* 
tion as a whole. A decision that is best for the organisation as a whole is called an 
optimum solution or policy. The problem, then, is to derive the optimal solution 
though estabilishing criterian for an optimum decision is usually complex. 

O.R. purports to find the best solution relative to as large a segment of the 
organimtion as possible. For example, in attempting to solve a maintenance problem 
in a factory O.R. tries to consider the effects of alternative maintenance policies on 
the prodoction department ; also, if possible, repurcussions on other departments and 
on the entire business in which the factory operates. 

In the inventory policy cited above, the stock levels and batch sizes may be 
established individually ; but the two interact and the O.R. expert may wish to pmue 
the matter farther by considering the two jointly for an optimal poli^. But he may 
not be aUe to do so to this depth because of limitations of flnancialnnd other resources 
and want of analytical meand. 

Let us consider the scope of O.R. and its various definitions in a slightly mwe 
rigorous maimerv 

Operation Research, rather simply defined, is the research of operations ; though 
obvious, yet a useful way to start with. What is an operation then 7 An operation 
IS a set acts 'required for the accomplishment of a desired outcome. It is not a 
single act but a complex of inter-related acts performed simultaneously or in a sequence, 
which leads to the accomplisbment of some predetermined objectives or out* 
comes. Such conqdex, inter-rdated acts can conceivably be performed by ftntr'Qrpcn 
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oftyitenu; Man, Machine, Mao*inadiJoe unit, and any oifanintion of theae. 
we fcball foon condude Q:R. ia concerned with the operationa of the lad ea$t§or) 
tiieayatema. 

When a man runs for a train, for esample, myriada of hia nervea and phya 
lim bs are set into action ; they act in harmony, however, i.e. in an otfanised way a 
die man puahes through his way fhmi amongst crowd, etc. and reaches hts object 
of catdiing the train. But, it is to be emphasised that all theae componenta/ner 
a^ limbs act in an organised way.' In oontiast, consider a running mad person. } 
nerves and limbs may neither act in a co-ordinated fashion nor towards any goal 

Likewise, when a machine has been set in motion, its components, which m 
vary from a handful to millioas from machine to machine, also perform inter-relat< 
acta, towards some purpose, viz., the railway engine drives the train. 

Man-machine units, like a worker running a machine, also perform such intc 
related acts, the components of both the man and the together act in b«nnoi 

towards the end of producing a job at the required quality and quantity standards. 

However, these three categories are not our concern here. Man as a system 
the subject of psychologists. >physiologuU, biologisu, etc. The maghiiw. u « gysie 
is the concern of systems engineers. And the man-machine unit as a system is tl 
subject of industrial engineen though we shall see some of these in Study-V, viz. d 
cycl^iaphs and multiple activity charts compiled by the industrial engineeis. Opet 
tions research is the research into the operations of organisations of men, 
and man machine units which we shall see more rigorously soon. Prior to let i 
note the fact that the conflicting objectives is not umque to Operations Researd 
Systems engineers also encounter such conflicts. For example, the design of a car hi 
such conflicting objectives as cost, maintamability, maneouverability, esteem feature 
speed, etc. 


0. R. is applicaUe to sodi aaan machine systems ediich involve : 

1. A large number qf parts (e.g., men and maclimes). 

2. nuts interacting with one another in varying d^iee ; of omnplexity 

3. involving feed badt, control^ e.g., depending upon the progress phu 
nray be amended. 

These are incidentally the systems that may be called organisations, with th 
following essential characteristics : 

(a) Sotne‘ of its Goteponents are human beings. 

(b) RespqnsflMlity ofiphoioes from the set of acts is divided amongst twoo 
.non indlvhfoall or groups of individuals : 

ID by fonedon (PMdnctkm, Raasarph, etc.) 

00 by area (phmts of the rame oiganisation in CUoatta, Delhi and Bnagalora). 


(Hi) by time (A plant after construction and oonunisstoning passed on to a Pro- 
duction Manager). 

The individuals, however, may not themselves carry out the actions tb^ lekct. 
They may employ machines for the purpose : 

(c) The functionally distinct groups are aware of each other through conununi* 
cation or observation (operators in a factory in touch with thejr supervisors 
or amongst themselves). 

(d) A subgroup (or the total group) of individuals in tite system has a oontrdi 
function 

If any of the conditions (b) to (d) are not satisfied by a group, it is unorganised. 
O R seeks to study possibilities of ctuuiges within the aforesaid characteristics and 
evaluates outcomes : 

1 Organisation content An organisation may not function well because of the 
inefiiciency of its personnel. The situation may be improved by traipiw g or 
motivating the personnel suitably. 

2 Organisation structure : Reorganisation and or hiring and firing is a common 
method of enhancing organisational efficiency. 

3. Communication: This would require analysis (followed by improvements) of 
information generation and processing in an organisation. 

4 Control : An organisation with good personnel and equipment may function 
inefficiently because its operations a^e not controlled properly and need to 
be improved. 

Characteristics of O.R. 

The student might wonder ^t this stage where lies the difference between O.R. 
and systems analysis since both are concerned with the improvement of the type of 
man-machine systems dclraeated above. The essential characteristic of O.R,. is that it 
uses mathematical or quantitative techniques. This, however, is a matter of slant only 
and systems analysis includes O.R. modelling to be diteussed shortly. Just as, as 
mentioned in S ADP Study I, the computer is used mostly at lower lev^ of MIS so is 
the case with O.R. too. 

At lower levels decision making is programmable and Is carried out at a large 
scale, viz. setting E.O.Q’s and R.O.L.’b of thousands of items so frequentiy. O.R. con 
be usefhlly employed to derive decision roles once and for «IL Sud) decUan-makini is 
termed programmable since either the computer can be wograimned to carry oat sodi 
dednons on a routine basis or the junior staff provided with slide roles, nomogiania, 
taUes, etc. for executing sudli decisions. These dedtions are stmetiiMd in Oe sene tiiat 
aU the variables of interest are known to be related by meins 0^ mne nuahaiMtioal for* 
nmla. However, they nre also simple. Programming sndt ilsrislnii mitin§ fay OJL 
mod^ii^ lpsthe advantage timt therepstitivp dedden^sddng IsaadaMnddandy* 
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ifleuratdyaad robustly. Howsver. forecaitiog, ptaoniog (and to some est«ot control, 
too) ftt hi^er levels have to be carried out in the face of a highly opcertain and complex 
external (and to some extent internal) environment, l^ither the variables are far too nu> 
merous or they are difficult to be related by means of some math emat ical equation. For 
mcample. to what extent the sales would increase by improving the quality or would the 
internal staff successfully absorb the new technology, etc. are questions that defy resoi* 
ution by Mathematics. Here, the top executives have to exercise judgment 
and expertise. In other words, the problems for decision making at higher levels are 
hig hly ill- structured and usually in the nature of one-shot i.e. they are not repetitive. 
Yet, O R> models could be employed sometimes even for such problems to lay bare 
some aspects of the reality so that the executive is in a better position to exercise Jus 
judgment or intuition Thus at lower levels MIS OR can make the deciSKKis for the 
managers, at upper levels it can aid in managenal decision making. • 

Another characteristics of OR is systems approach. Putting in a simple way. OR 
is the quantitative part of systems analysis. The underlying systems approach conaists 
of the attitude^ "Let us, stand back and look at the system as a whole.’* And an oper- 
ating manager, even though with his vast and indispensible expertise and knowledge in 
his function is not likely to stand back. This is because he is knee-deep in his own 
Auction and as such he is liable to be coloured or biased in favour of his own function 
The marketing manager, for example, is likely to consider all the good for the company 
in the marketing function alone. He might tend to take greater risks in the miiket 
place than would be desired by the manager of finance de^iartnient xriK> would be more 
conservative, preferring to rely on currently sucoessfhl producislo ttqmid sales The 
marketing munger may also tend to advocate broad, deep and mult^ pixiducti-and 
this could be fttiMrating-to the production manager, who is chained with keeph^ laboor 
ooit( and capital investments at a minimum. It is often the caae that the opemting 
managers make H a game bf bargaining with the systems analysts and tend to extract 
’benefits’ for their depnrfnmts. It is not so much the intention here to'prowe thnt*the 
operating manager cannot ben good ^rstems analyst as to emphaaiM the need to **staiid 
bMk” <nr to forget tte routine and poihiems (rf* the day, 4hd vkw the aystens ns a 
whole. The problem ofdeoHnitag sales may not tnm oat tO’bea'iHoMaB but-'incnly a 
qrmptom of the prOUem. Rewards or ^natislinisals to thesahaacarnsay do no good 
to the iaim if the rad proMnn lies in qm^ ocwtrol or ooatiqg. Lfte wMt die fteqnsat 
rqemioas may be no reflection on the skill of the woricetrand snpehuMO bfffio fore- 
man if the totenuiM prescribed bythedeSiga are n bit too tight ftaUensiWsnilly 
spawn many flinc^s or departments and this ne c ns si t a tei eisWitig' ^he 'sgstcas ua n 
-wfade and going to ^ the roots of the proUem. The proposed sotntion thk way would 
tberefon^ nntunlly linve fMtony-wiise repuronationa, ff not even induauy-wise. The 
effbott of4lwobaaie^*ofl the dsgnif nm would houatoho tahathtionscouat in 
aaking the proposal. 

Cfidiideti, fw exninple..t)M pwqiwsal by the .pro|toDaqa depqytqpawl of n lira to 
kwneh over b ^ ooatfnodut produotion Aom baloh produotiai nM a (nanow) view to 



s 


Ihml pri^Icaim costs. Thisisttsm cbsnp^mftl^^ 
oZZJts io ooc my or Ih, otter. Uoder tie belct production sytUm to 
or'^TZ^Is ‘Od component, «ould be to mteduled Oat they uri«}ust ,t too 
of a need (i e, assembly) or production, minimising thereby tberawMteMud comp- 
onent inventories With continuous pioduction these would still have to be acquired 
in batches but they would be consumed continuously (i.e slowly) and this would mean 
continuously maintaining inventories of raw materials and components with all the 
attendant problems and costs. Reverse would be the case with the inventories of the 
finished goods. Under batch production the finshed goods were delivered into the stores 
in lots but sold continuously i e , there was considerable stoking. Under the continu- 
ous production, the delivery into the stores and withdrawals would be both continuous, 
meaning far less finished goods inventories Also, if the demand rate matches the pro- 
duction rate inventories would be minimal but if the former exceeds there would be 
shortages 


The continuouts production would necessitate special purpose equipment and 
different category of material handling equipment : (like belt conveyors, gravity hoppens 
etc Also less skilled workers would be alright with continuous production. The 
quality of the finished goods may be different under the two methods, affecting marke- 
ting via sales 

Before a final decision is made, the net efiect and accompanyin g indirect changes 
will have to be assessed as a part of the overall saving produced by the project. In 
brief, the essence of the systems approach is to trace, for each proposed change, all 
significant and indirect effects on all parts of the system, and to evaluate each action in 
terms of the effect for the system as a whole. This is quite tn consonance with the 
difinition of an operation earlier as a set of inter-related acts. OR tries to estabtish 
these inter-reiationships in terms of mathematical symbols and models. However the 
‘system as a whole' would vary in size with problems, or the resources at the disposal 
of the researcher. The above' proposal for change over to continuous production may 
well have industry-wise repurcusstons on the competitors as well as several societal 
implications. Though the researcher may want to pursue the problem to full depth 
he may be restrained by considerations of money and time for the research. In other 
cases the sponsors may restrict the scope of the system for comriderations best known 
to them. Under such circumstances the researcher must satisfy himself that the restric- 
ted optimisation does not seriously jeopardise the success of the project. Often, how- 
ever. it is a shrewed move to imiRX)ve the system in part so that all concerned ate 
motivated for a full scale research. 


Reverting to the example of switdtovn to cootmuous production, the 
system here would merely be content with providing the net effects of all the 
in monetary units to the management who prompted the aocountipg system to do so 
and the managentent tfaemselvn got the idea of the switch over frwn their judgement 

aii4 expertite. O.R. would not be content with monetary figures alone. However, 

/ 
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more hnporti&t, perhapt, i> the fact that O.R endcavooiB to qiiantiiy tnch heretofore 

iataagiblee as service to the customer, employee’s morale, presti^ of the oiiaiiisatkm, 
do. Iliese hrtangibles, though vaguely voy much hi the minds of the management 
during their deliberations, did not enter expitchy in the accounting figures. And often 
these intangibles lepiesent the most compeiling reasons for the s<viich>over More 
conoretdy, that the twitch*over reduces/increases the stockouts, si^, from 50 to 100 
per week would not be reflected^ in the accounting figures ; yet this is a high^ sigail* 
cant variable which can have serious effects both in the short ran and the tong run. 
Thus O.R. can treat the problem as a mufti-dimensional one with numerous variihtes. 
Also the accounting system, without the aid of O.R. Is likely to lose sight of significant 
interactions. In Study HI, the student might notice that the tecbmqne of linear pro 
gimmming, in a way, the sophisticated extension of the breakeven analysts. The tetter 
is concerned with merely one product decisions on pricing and fixed costs. But wbat 
more than one products are being produced they contend for the limited resources and 
treating them independently and separately for break even analysis may lead to bad 
dedskms. The products ought to te considered together We are then back to the 
definition of O.R. Accounting function treats the components, the products separaldy 
anc may Ignore the important interactions which O.K. docs not do. 

Theiaocountmg function would also presume a deterministic envirooment, whero 
as many of the variables in the system, e.g. demand and leadtimes are probaMistic 
that wc^d be treated as such by O.R. Another variable of interest is the labour’s 
attitude to change which, perhaps, is more a matter for the systems analyst and not 
the O.R team aIthoug|h« it must be pointed out that the distinction betw e en O.R, and 
systems analysis can at best be blurred ooc only because in reality it does not eusL 
Anyway, oonCemiog oursdves with the distinction between O R and the aooonming 
function, the tetter works with ’’givens,” e g., the management would ‘give* to flie 
accounting function the intended production rate after switdi-over. But these very 
“givens” for the accounting function would have either to be derived by means of 
O.R. or by the judgment and intuitionof the management. In tecr, the crux of the 
matter lies here. O.R., in a way, is the adatific sobefifote for jodgemeto and 
not wholly but subetantteUy. O.R can aasist oi bolding a matiiemstical model (to be 
taken as a set of equations for the time being) thatretetastbento ofpfodncthmto 
varions variables, monetary, oon-monetary and many of them (heretalbre inisagibles) 
suitably quantified innKWetary terms as to beexpteined shortly. OJLalosss the 
mnnagsr to experiment with thb inodal,tom8nipuhde tbevdaesofvKhwavafiahbi 
whiA m^t provide teteraating insights and resuhs. The “givens” f6r An nseonnling 
ftmodon would thus be ganeinted. However, this dneu srion might aten hmihaelMklly 
ovare m ph as tee the impoitanoe orO.R. Neither aU the intangibleacmi be qnmliled nor 
it is poeeible to Moertain all the probaMIity. Yet, however, O.R. can p soaida "m tied 
s oh nten to pfobie me irileia worse h expedts B ^ wbicb in ihm is a deilnltiali'ordLiL to 
badteoassad seveml pages tetter. Tharahaita bmcaaea wtenthe fSwrth fli lad 
maddadadrfoiilior-andkpfdblaiiw ondiebaaiB of their Jodfeaiaat and iHnklpte and 
IM teipgad tha O.IL tm only to ba Ady nniiini Ottt OJL teHlIii dMk 
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The Inter-disciplinary Team Approach is yet another characterbtic of O.R. Once 
upon a time, there was only one discipline known as philosophy Modem phy^ks 
owes much of its origin to the work of Newton who in his day was known as a natural 
philosopher The nomenclature, “physics'*, was coined later. Upto the end of the 
17th century much of what would be called to-day the scientific knowledge could be 
learnt and retained 1^ one man. But since then this knowledge has been proliferating 
at a phenomenal rate. The natural philosophy was soon to be subdivided into Physics 
and Chemistry. Biology and Psychology were also, not late is being recognised as 
disctpbnes. Ihis continued subdivision of the scientific knowledge has led to as many 
as about 100 disciplines today under the label of science, each of these having its own 
name. The universities have so instituted these names it would appear as if the nature 
Itself IS presented to man in this classified fashion, which, however is untrue. Nature 
i 5 wholesome and it is the disaplipes which view it from different angles. The physicist 
IS likely to review his laws of motion upon seeing a bus accident. The civil engineer 
would perhaps look at the condition of the roads, the mechanical engmeer would 
suspect something with the engine and a psychologist would wonder over the state of 
health of the driver. It is not infrequent to come across patients tummg from one 
spvCialibt to another, each specialist treating the patient as per his speciality { yet the 
patient remams patient, Problems usually spawn many disciplines and often w^t is a 
problem at the first thought is only a symptom and the problem is usually buried 
deep Consider the stagnant productivity m a firm. Each specialist may have his 
own pat theory and solution for it, some right and some wrong. The ergonomist may 
attribute it to poor illumiiiation and workseat design, the social psychologist to the 
inherent lack of mertia of the labour population, the mechanical engineer to the 
inferior machines, the industrial engineer to irrational incentive schemes, and so on. 
Someumes, the pat thoery of one of these may be a brilhant solution for the problem. 
Sometimes, the views of two or more may have to be synthesized. It is, therefore, 
highly desirable to employ a team of operations researchers so that the problem is 
Mewed from different angles In O.R. this approach is particularly useful because 
different disciplines have developed their own specific mathematical tools and techni- 
ques which can often be applied with or without some modi! cations and refinement 
to the business problem. Much of the application of foieca.sting techniques to inventory 
control, for example, is the contribution of control engineers. Queuing, theory was 
originated and developed by a communication engineer. The randomly distributed 
lateness of trains in a situation in India was reminiscent of the novement of gas 
molecules as envisaged in physics under the Kinetic theory of gases'and the physios mo- 
del, suitably auMified, was useftilly applied here. The origins of the technique of linear 
programming aca often traced to the work of Leontif, an economist on input/output 
analysis. It b also not to be forgotten tiiat O.R. itself is originally a military sdenoe. 

Therefore, it is common to find an O.R. team oompriaing gxperti of different 
disciplines. If some of them are not physically and whole-time in the team may be 
consulted when required. Also, as the reseaich proceeds some of them may leave 
after having done thdr job and others join. 
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pirfosc of O.R. 

Much of thii though to evident in the dtocunion above yet ue (hall (pell it 
out more clearly. As stated earlier, the managerial ftmctkmhas been sub-divided 
many times. Obviously, then, one man looking after the entire system cannot be the 
lame thing as several managers looking after their re^ectlve sub-systems. Conilicu 
ate bound to arise amongst the managers beause each one of them to liable to pursue 
his sub objectives so far th .t it impairs tlib working of other sub-systems. Consider 
the product decision, or example. Below, we'list the sub-system goals or sub-objectives 
and the desired product policies of three functions together with those of the general 
management (Ref. : Production & Operations Management by Chase & Aquilano) to 
bring the conflicts into a sharp focus : 


Subsystem 


Sub-object ives 


Production I . 

2 . 

3 . 

4. 

Marketing 1. 

2 . 

3. 

4. 

5 . 

6. 

7. 

8 . 

&ib-system 
Pinanoe 1. 

2 . 

3. 

4. 


5. 

Oenenl Maifcatiiiig ). 


Lase of manufacture 
Cost minimisation. 

Stability of denumd 
output. 

Maintenance of quality 
standards 

Product innovation 

High sales volume 
Increasing market shares. 
Flexibility in market place. 
New markets. 

Revenue maximisation. 
Consumer orientation 
Consumer reteardi. 

Sub-objectiees 
Ensure liquidity. 

Maximise pr<^ 

Assure corporate survi- 
val andgsowth. 

Eliminate ca pen a wnot 
directly contributing to 
profits. 

Mhiimise risks to die Rrm. 
Mmdodso difll^reaM. 
betwastoTevoBwiaaiii oqsL 


Desired product policy 

1. Few products 

2. Similar products. 

3 Products which are easily 
and inexpensively manu- 
factured. 

1. Broad product lines 

2. Introduction of new pro- 
ducts. 

3. FreipMat modification of 
existing products and lines. 

4. Balanced product lines. 

Desired product poHey 

1. Market iwoducts which 
yield immediate profits. 

2. Sdect most highly profit- 
able products. 

3. Wfaninate kmt prafit pro- 
dnols. 


1. MaihstpBodnelBwMi pro- 
vea pratebatop. 
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2. B>l«iice hiffafy profitable 
producta adth ebort Kvet 
afainst products adiich 
cam lower profits initially 
buteahlbit excellent long 
run prcA potential. 

3. Proi^ for ease in mana- 
ging and co-ordinating the 
firm's activities both intern- 
ally utd in the market 
place. 

It is obvious that sub-objectives conflict with each other as also whh those of 
the general management. Three types of conflicts are'often encountered by the opera- 
tions researcher. 


2. Maximise long ran profit. 

3. Ensure corporate survival 
and growth. 

4. Secure and increase profits 
over time. 


1. CealHct across tiam. 

This ccmflict may exist between the sub-objectives of a sub- system or different 
sub-systems. In the above list, for example, general management’s “Maximise long-run 
profit” conflicts with finance’s “Ensure liqnidity.” The top management is usually 
faced with the following conflicts whilst formulating the strategic |rfan : 


Short-term Verata 

1. Short term profits 

2. Profit margin 

3. Direct sales efforts. 

4. Penetration of existing maikets 

5. Related growth opportunities. 


Lonn-ttrm 
Long-term growth 
Competitive position. 

Market development effort. 
Development of new 
maikets. 

Unrelated growth oppor- 
tunities. 


Compromises have thus to be made over time. Soon we shall see bow O.R. 
resolves conflicts, sometimes accurately and sometimes rather crudely in the 
ofsotnetme’s remarks “O.R. provides bad answers where worse would be expected 
otherwise”. 


2. Coafliet between subsystems (Indadbg witbin a sabsystem). 

Numerous exaihples can be picked up from the list ^ p. 11. Consider, howe- 
ver, the case of economic ordering quantity where there is a conflict between the 
acquisition cost and the inventory-carrying cost. (Ref. : Stiu}^ 11) with regard to the 
batdi size. The former decreases with tiie iactearing batdh tizS and the latter b^Tfam 
with the incraa a iB g batch size. This is depicted below. The total cost curve (cup 
shaped) is also shown. This cup shape as such or reversed is hound to obtain whoe- 
ver there are conflicting costs or codycting gate. The purpose of O.R. is to aainimise 
toha oost Ut. find the mimima tff flie cup riiaped curve or of the r eversed cop 
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riiaped curve in cue of geins.^ Sodi mhiiniintioa or meininiution it known u 
of cost or profit or other effccUveneis meuure. The carve may be 
conttouons or stepped. In this case one can diink of a simpk application of differen* 
tial calculus to find the minimum or t&e optimal cost but in other cases more advanced 
mathematical techniques or trial and error or iterative approach may have to be 
applied. Another simplicity of this problem is that both the confikting objectives : 
acquisition cost and carrying cost are in the same (monetary) units. In other problems 
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the units may not be the same. For example, in the case of setting safety stock (Ref. : 
Study II compromise hu to be made between the carrymg costs and nun^r of 
stockouts. Frequently, it is possible to express sudbi a vambk as stockouts in mone- 
tary units andt^ resolve the conflict but it may not be possible ahrayl Other 
problems may also be more complex because many more objectives have to be resolved 
jointly. 

Cbntiauing with this inventory example, we optimised 
time (in Study II) : 

1. Acquisition cokt 1 1. Carrymg cost 

vs. > forEO-Q. vSn 

2. Carrying cost J 2. Stockout 

U;-however,'the three (1. acquisition cost, 2 .cKn 7 hiig oosi» ). stockouts} were 
optimised jcHntly we would have got a raperioT solution in dm sma* that dm ttfhd ousl' 
now would be fan than that of the two separate optimfaatioo. Strictly, dienfoce. 


the following twos at a 

fas sidbty stock 


} 
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these two separate optimisations would be called snb-optlmiittion. Thus EC Q. il 
most et onomjc only if the safety stock problem is ignored, which is ftcquently done 

i.e the two are determined independently by 2 sub-optimisatitmi because optimisliif 
the three objectives together requires the use of intricate mathematict ix. more calcula- 
tions or cost. Thus, though optimisation is theoretically possible we dp not do so 
because of m'-re effort entailed in it. This is termed as the principle of bounded 
rationality. As per this we may not always pursue for complete optimisation either 
because it is not possible owing to limitations on time, data, etc. or because the incre- 
mental cost in so doing is not fully offset by the benefit. 

As another example of the principle of bounded rationality, the top mnnagement 
fined with a highly uncertain external environment about which little data exists or 
can be extracted may not be able to derive strict optimisation amongst such co nflicting 
objectives as profit, corporate survival and gro\^th, productivity etc. In fact at this 
(top) level 6.R. cannot be of much help and the top management may have to resolve 
the conflict intuitively. 


Consider, however, the hierarchy of the production function objectives 


! 

Output Objectives | 

Cost Objectives 

Vohme 

Objectives 

Performance 

Obje< ttves 

Explicit Costs 

Implicit Costs 

Production rate 

Time schedules | 

Material input, 
scrap. 

Stockouts 

Inventory levels 

Quality 

Direct and indirect 
labour* 

Grievances 

Work force level 

Efficiency of work- j 
force equipt. facilities 

Maintenance 

Late deliveries, etc. 


In this case O. R. can be applied in various places but the attempts at overaU 
optimisation may again be flitile. Thus optimal solution is not always pouiMe for a 
variety of reasons, some of which follow : 

1 . All alternatives and states of nature (which may run into myriads) have to 
be considered. 

2. All the data may not be available or too mudi data baa to be reseaicbcd. 

3. Cooditioas change rapidly and the optimal solution now may be inelevaiit 
for even the near future. 

That, a Mtidhetory oom)»xnnise is often w d eom e and as Midi diia approadi, as 
aphnt pradM optmiiwtioii, is Imown as the appmKk. 












C o mk^ f** yet •nother example on lesource allocation in netwoilc planning (Ref. : 
Study IV), The network activities easily run into hundred and permuting these with 
so many naoarces leads to myriads oT alternatives. Even with the oompoter, h would 
be very time-consuming and costly to pursue the optimal solution i e. activity start and 
finish schedule, and even if it could be found it would soon be invalidated by the 
erratic progress'against the schedule. Under such circumstances where data is not 
a constraint but it is only myriads of alternatives that have to be considered for opti- 
misation one can instead derive such heuristics or rules of thumb as: 'The higher the 
float the less urgent the activity” etc. and carry out scheduling according to these rules 
which will yield near optimal solution. O R can frequently help in finding these quasi- 
scientific rules or heuristics 


Thus the purpose of O R is to resolte the conflicU resulting from sub-divisions 
of the managerial functions in an optimal, near optimal or satisficing way. This applies 
to the conflicts of all the three types 

3. Cooflicts between a sob-system and the system 

A division may tend to buy its .matertals at a cheaper rate fiom an outside vendor 
rather than from another sister division In such conflicts, too, O R. could be useful. 


Problcm-solviiig and Dicishm-making 

The two are often taken synonymous There » however, a basic difference. 
Problcm-iOlviog means seeking answer to a question Decision-making means picking 
UP one answer (or one set of answer) from amongst many for implemcntaUon. Whereas 
the former facilitates undersunding of a situation the latter is action oriented for 
alleviating the situation. 

Usually, not always, what is a problem at the first sight is only a symptom. This 
is as much true in management situations as in medical science. 

A management problem generally does not fit neatly in one functional jurisdic- 
tion i.e. a management problem is not very likely gotog to be just the purchasing 
managment problem It is apt to spawn many functions, customers, vendors, govern- 
ment, etc. and even society at large. 

A problem consists of clusters of sub-problems “Why our machines are idle 
so much of the time” may, perhaps be attributed to poor planning or poor co-ordma- 
tion or dissatisfied labour or scarcity of a particular steel or oombinatioos thereof. 
The scarcity sub-problem may lead to another cluster of sub-problems, viz. poor 
buying poUcies, or inflexibility of the engineering dtpertment to come up with substi- 
tutes. A problem is thus a host of sub-problems which have no regard for dqiert- 
jurisdictions. In a negative way, though, this should also suggest tte need 
for systems view. And the clusters shouid also suggest thet they oen. be set rigitt by 
reseatcfa into the opesations of the organimtion whidt, uptm i^plementatioik) would 
•et httamotioa • aequenoe of inter related oonective acta. 
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Abo, then, it would not just be one decision but a series of dedsioos that have 
to becarri^.out to alleviate the situation. Thus decisions may haveU) be made 
horizontally or up and down the organisational hierarchy. 

It b not difficult to appreciate that any organisation will be faced with myriads 
of problems (and opportunities which, too, are problems for our purpose because the 
organisation hns to be directed to exploit these opportunities) at any time. However, 
we shall here be concerned with executive type of problems which arise because of 
segmentation of the managerial task. Thus O.R is concerned mainly with those 
problems that involve conflicting interests. 

Components of a Problem 

There must be an individual or a group who feel that there is a problem in a 
particular environment where they are not satisfied with the state of things. They 
may be clear as to what the state should be or they may be hazy about it but dissatis* 
faction with the existing state anyway, is there. What the state shcuU be is best 
expressed in terms of one or more objectives. Thus one of the task of the operations 
researcher is to carefully ascertain the objectives from this incjividual or group. Impro- 
vement on the existing state to attain these objectives would obviously be made either 
by accelerating the use or value of existing resources or employing more resources. 
In other words, the resources would be varied. Thus, resources are variable. If they 
cannot be varied, as is the case sometimes, the problem, then, is insoluble. These 
variables of interest' may be continuous or discrete. If they are continuous, infinite 
alternatives for manipulation would exist in theory. If they are discrete, for the 
problem to be soluble, at least two alternatives must exist 

The purpose of this brief discussion was to see the problem in parts. A proUem 
has four components which have to be studied by the operations research team. 
These are : 

(i) The individual or the group [decision maker (s)] who face a problem and 
sponsor research 

(iO The environment wherein the problem is supposed to lie. It is not unlikely 
that the roots of the problem are traced, to a different area ; theiefore, it ik 
wise to call the entire oiganiaation as the second component 

(iii*) Objectives. 

(iv) Alternatives or courses of action tfmt affect the objectives. Usually, it ik 
not easy to fist these ahecnatives directly by tihe stu^ of the otgani^on 
^inee H it (hr too co m p l ex. It becomes necessary to make a model of the 
sUceof thereality of in te r est Usaally,in bue inss s situations, thismodel 
taksa'tiie form Ufa matheaaatical equati^s) tiiat axpnas ths lelationsldp 
in variations far the v ariabl es of in te r est ModeUhif win be dtenssed at a 
g i sntar tSiitii soon. For the tints besag, the- breakeven eqsntinn may be 
taken ai an eaamide-ofendi models. Sorii variablee m ssUing prises^ vati> 
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aWe costs, quantity to be manufactured, etc ind the profit objective 
(dependent variable^ are thus related by means of this break even model or 
equation. Models Ftermit a great deal of manipulation of the input or 
independent variables pr resource values or quantities to ascertain the 
effects on objectiveCs). Tt would not be easy or even possible to jrfay 
about the input variables like this in the real-life systems directly ; therefore 
modelling • 

Another component of a problem. 

(v) Constraints are also usually to be encountered in business situations There 
could be for example, governmental constraints on both the types of the 
variables, objectives (dependent) or alternative courses of action whicb 
restrict action Likewise, there could be constraints imposed by union or 
society at large etc 

More on these components later. 

Types of Problems and Decision making 

Problems are usually divided into various types by the amount of information 
available regarding the liklihood of occurence of outcomes of the various alternative 
courses of action. Accordingly they have different criteria and methods for arriving 
at the appropriate decision 

1 Decision making under Risk is supposed to occur when the probabilities of 
the various outcomes of the different courses of action are known Referring to part 
11 of Study II which is exclusively concerned with this type of problems, the set of 
available courses of action, fC , €♦, .CaJ and the outcomes constitute the states of 
nature, [Qi. Qt -Qo] It is assumed that in this type of problems, the values of the 
various probabilities with which the states of nature occur as also all the values m the 
payoff matrix are known We have entered hypothetical (monetary) payoff figures 


State of Nature 

Probability 

Strategies 

Cl C, .. . C« 

Qi I 

P, 

400 

Of 

P. 

fiOO 

Q. 

P. 

500 


Pi 

400 


for the first course. These figures represent the attainment of the objective with C\ as 
per probability distribution of col. 2. The expected payoff can be computed for each 
course and the course with the hipest pay<^ would be the optimal. Thus dedston 
making under risk would be carried out by the expected pny<^ or expected regret or 
eKpecftedooet criteria. 
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ne above table is simple because there is only one 
ptyoff But in other problems there could be more than 

2 Consider, for example, an inventory situation to which there are ol^ 
lives. 0) Reductioaia days of service and (ii) Decrease in inventt^ c^. ^ 

former objective has days as the unit and latter has rupee* a* the unit. As SUCn flic 
following ‘payofT table would result, the upper position having payoffs in days and 
the lower m rupees and as such it cannot be used for the application of the payoff 
criteria 


States 

j Probability 

Strategies 

Cl Ct .. .. Cm 

Qi Units, D 

Qi l e- 
dayt’ 

1 reduction 

Qn 

P» 

P* 

1 

1 1 

Pa 1 

Figures in days 

(to be converted into rupee figures by 
means of the trade-off curve discussed 
below or by weighting the objectives) 

Qi' Units, Rs. 

Q,' 

1 

1 

Pi 

P/ 

I 

1 

Figures in rupees 

Qu' 

1 

' Pn' 

1 

1 More 

1 objectives 

1 could be had 

1 here, if 

1 necessary 


1 


How to resolve this problem of inconsistent units ? This is done by means 
of what have come to be known as trade-off curves which are highly useful for 

handlmg multiple objectives in mconsistent unit> as is the case with the example on 
hand 


We can conve;' ’ uc days’ reduction in equivalent monetary figures either on the 
basis of past histoncal records that “2 days’ reduction in service is worth Rs. 70,000 
to use,” etc This process is similar to that of the utility curves discussed in Study VI. 
As a result the curve like the one above can be obtained By means of this curve all 
the ‘payoff’ figures in days can be converted to their equivalent figures in rupees. And 
now the expected payoffs can be computed for all the courses in monetary figures. 






19 



2. Dccis’on-makiiiK under naeertaiatjr 

In thi<s type, the probabilities of oocuirence of various states or outcooaes are not 
known Such problems do arise in business situations, e.g. introduction of a new 
product where the demand probability distribution cannot be ascertained. It is as smnad, 
however, that payoffs for various combinations of courses (rates of productkm) and 
states (demand) can be estimated i.e. the payoff table as the one below can be const- 
ructed 


For such problems *inaxiinax, ^maximin (for payoff tabias) and wihdaifai, 
ntiaimax (for cost tables) criteria can be applied. 


States of Nature 

Probabilities 

unknown 

Strategies {Fmes of Production 
r» n n 

Vr| —"“Cm 

Q. 



Q. 



j 

Q« 

' 



However, it is to be noted that one is rarely confotmded wMi complele ifiior* 
ance of the probability distribotioo of the states of nature of outoomeit ^Oftea meis 
or mean and S.D. may be known. If only mean is kiioist ^ payoff ttMs will 
coUa^ into just one row for the *mean state of naton*. a^ Be praUMB li euPy 
solved. If, however, the knowtedge of the S.D. is to ue ittDOfpontdd tha UM ct 


*Tbeie two criteria won ant suggested by Hunskte Ml WMdioMMy and 

th^ are. thenfon, also known 1^ thorrnp^ve 
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TchebbycbelTs inequality can be made, which, however, is a statistical technique 
beyond the scope of our syllabus and the student need not delve into its technical 
details. 

3. Decesion -making Under Certainty. 

Each course of action is presumed to have just one outcome which is determi- 
nistic For example, in the case of the E.O Q. model, the total cost for each value of 
•the batch size is known (or presumed to be known) In this case, then, though it is 
not necessary to construct the payoff table as it reduces to just one row and finding 
the best course is all too simple However, since the variations are continuous maxi- 
misation or minimisation by differential calculus would be in order here 


Where the variations are not continuous, e.g in the case of replacement problems 
(Study VI) where running cost vary discretely with the age the mathematical technique 
of finite differences would be used for optimisation. 

The E.O Q. model can be handled by ordinary calculus but more complex mathe- 
matical functions would require numerical solution which are explam^d later. However, 
far more oomiriexity, which cannot be handled, when the variables are far too numer- 
ous may require tedious iterative techniques, e.g., the simplex method. Thus even 
though there is no uncertainty regarding the states of nature it is not to be believed 
that decision-making under certainty is always simple 


4. Decision making Under Competitioii 

Please see Study VI (Theory of Games) : These problems also can lead to 
enormous complexity in decision-makmg For example, although in the game of 
chess all the possible courses of action can be enumerated in theory (astronomically 
large they would be) the game has not lost its flavour even after having been played 
for thousands of years 


Methodology of Operations Research 


We have already tried to bring out the difference between O.R. and Systems 
So to say, O R. is quantitative part of systems analysis The phases of 
research are listed below . 

Operations Research 
I 1 Formulating the problem 


Analysis- 
systen’is analysis and operations 
Systems Analysis 

1. Area Selection 

2. FeasibiliCy Study 

f . Master Development Plan 
4 . Systems Analysis 

*5. Systems Design 

id. Systems ImpTemoifatioo 
K. Systems Mamtenance. 


J 

2 Constructing the Model 

3 Deriving Solution 
4. Testmg the Model 

J 5. Establishing Controls 
6. Putting solution to work. 


As briefly noted in SADP Study III O.R. models are a tool of Systems Analysis 
aadDmifa. 



Now when O R. modelliftg is a part of the overall systems development effwt the 
O R. problems would be formulated during the systems analysis stages 1 and 4 and 
stages 2 and 3 would take into account the costs and benefits of O.R. modelling and 
the vcheduling aspects Stage 3 of systems analysis which is systems design would also 
include construction of O R models, deriving solution, testing the model, establishing 
controls In addition, systems design of course is also concerned with input/output 
lavouLc, codes design, etc. which are covered in SA Sl DP Study III 

But if an O R. study is to be conducted on a one-shot basis then the 6 stages of 
O R as listed on the R.H S. of the above table would be gone through independently. 
However, some amount of systems analysis and design in the sense of SA & DP 
Study III will still be done, eg in an exclusive O.R study for quantifying inventory 
control stock cards format would still have to be designed Systems Analasis and 
O R. in fact, are inseparable Just as the phases of Systems Analysis are iteiatne so 
are the O.R. phases too 

(i) Fammlating the Problem : Any research begins with a problem which may 
be set out explicity by the consumer, the sponsoring organisation in the case of the 
O R study ; or may have to be formulated by the O R team. In O.R. it » not 
uncommon that the study may commence with tentative formulation of the problem 
and the problem may be re formulated over and again during the study. It is. howe> 
ver, to be preferred to formulate the problem fairly elaborately before embarking upon 
the research The procedure of formulating the problem is generally lengthy and 
requires considerable time and ingenuity , but is quite justilied in view of the fact that, 
unlike other r searches, O.R is a research into the operations ol an organisation. 
Therefore, it must consider the economics of its own operations. As mentioned ear- 
lier, O R. team usual!' draws experts from different disciplines, and may also include 
members from the sponsoring organisation The number of the members of the O.R. 
team need not be fixed over the period of the study It may decrease or increase 
depending upon the turns the study takes The first requisite of this stage of formula- 
ting the problem is establishment of rapport between the OR. team the consumer 
organisation. The O R. team studies the various aspects of the organisation with 
regard to content, structure, communication, and controls. This enables the O R 
team to assess the organisation and its problems before it undertakes commitment on a 
specific problem. The same opportunity is afforded to the sponsoring organisations 
They can take a))propriate administrative measures to meet the conditions which the 
O R team may specify 

Objectives : Direct questioning of the decisions maker may not elicit all the 
objectives. The O R team could compile a rough list of the ]x>ssible outcomes and 
ascertain the decision-maker's reactions. He may not, for example, wish to base the 
factory on a particular site owing to his justifiable apprehensions of labour situation 
in the area. Such probing is necessary as the decision maker is himself usually vague 
abbiR die objectives and the outcomes. Simihirly, the objectives should include not 
only the oates which are desired to be attained but also the existing ones which are 
retired to be retained, e.g., employment level or fiuoily control. Many such objeo- 
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tives ai il«ble emplo> ment, reducing imports, good relations with the community, 
leadership of the product, enhancing public image, not to change the company’s cash 
position etc. may be desired to be retained by the decision maker. 

Oiganisatioo : The O.R team would naturally want to study and understand 
the organisation content, that is, men, machines, materials, associated consumers, sup- 
pliers, competitors and the Government and public Obviously, all the content may 
not play important role m organisation’s problem This would determine the depth 
of the O.R study and the type of the problem. In a problem ot price setting, for 
example, competitors would figure importantly whereas in a production scheduling 
problem the Government and the public may perhaps be ignored 

Alltemative Courses of Action ; It is desirable to make an exhaustive list of the 
alternative courses of action The team may check each alternative against : 

Ooes switching over to the alternative of change in organisational content, struc- 
ture L.jmmunication, control and environment affect the efficiency of system ? 

^^v alternative which does influence the efficiency should be included in list 
These are what may be called the existing alternatives On the other extreme, the 
aponsors may require the development of a course of action, e g., a new weapon in the 
military and new product in industrial contexts respectively Each- developed alterna- 
tive. then, would have to be compared with the available course of action towards 
fulfilment of the objectives 

Further still, counteractions may be listed down, e g , what competitors will do 
if the decision-maker adopts a particular course of action. Such counteractions are 
easy to determine by ncrsonal interviews of the workers and consumers, if involved ; 
bot in the case of competitors such a possibility does not exist A history of counterac- 
tions may be available in that the decision-maker would recall or subjectively assess 
the competitor’s reactions or counteractions. 

Once the lists of objectives and courses of actions (and counteractions) are ready, 
the team has understood the organisational content and structure and identified the 
dedsioo maker, the team can convert the decision- maker’s problem into research 

probiem. 

EMag the objectives and courses of actions : The rough list of objectives and 
onttneaof action may turnout to be far too lengthy. It is desirable, therefore, to 
ledoce die number of each of the two components of the O.R. problem. The list of 
objeedvea may be shortened by screening out : 

<l) Intermediate objectives : An intermedtate objective is the one which is not 
an end in itself but a means to another already in the list. Redudng pro- 
duction cost and enhancing profit are in this sequence. The formar is ‘ 
necessary fbr attaining the latter and may therafora well be dropped out ; 
and 
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(ii) The objectives which are inert to each course of action, i e , these objectives 
are unaffected whatever the course of action These ntay hare been inclu* 
ded inadvertently and need to be dropped out, and 

(lii) The list of the objectives is usually compiled by probing the various parti- 
cipants in the O.R. stufy or those concerned with it The parties could 
well have the same objective Both manufacturers and the consumer may 
be interested in high quality and low cost, for example The list should, 
therefore, be screened for duplication of such objectives 

Similarly, screening may be earned out for the courses of actions Past experi- 
ence may rule out certain courses of action as unpractical. Legal and social obligation 


and constraints may dictate exclusion of a few other courses of action 


Models and Modelling 

The process of modelling is ubiquitious and has been consciously or unconsci- 
ously carried out at all times m almost all human endeavours Its meaning is also 
evident though now a days there is lot more to it, than what we persume the way the 
layman understands it Also there is a great deal of conscious effort in modelling not 
only in business situations but also in military, economics, social sciences, astronomy, 
etc Well, yes, in the past the model meant merely a physical cxMistruct either scaled 
down'or up of such objects as earth or an atom for pedagogical purpose. Now a days, 
however, particularly in the case of O R. and business situations, a model is o/<j' (not 
necessarily physical) representation of one or a few aspects of reahty and as such 
diverse items as a map, a multiple activity chart, an autobiography, C.P M. network 
breakeven equation, etc. are all models since each one of them represent a few aspects 
of a real life situation. We shall emphasise “a few aspects” just as the map a intended 
to represent mainly physical boundaries and may, for example ignore the heights of 
various places, above the sea level The long list of models exemplified above should 
suggest that the models can be categorised in many ways Incidentally, by means of 
this listing we tried to bring out the widespreadness and characteristic of models and 
therefore, this listing itself is modelling. In fact, wherever you come across “for 
example" or "as an instance” rest assured modelling is being undertaken by way 
of the example that is intended to bnng out some charactenstics of the reality. Thus 
there is some correspondence or equivalence either physically or conceptually or by 
analogy between the system or reahty being modelled and the model However, this 
correspondence may neither be exact nor complete In fact, it has not to be oomplele 
since the intention is to focus on a few aspects of the system or the reality. Many 
details are, therefore, deliberately left out and the aspects of interest only appear in 
the model. To what use are the models put ? One of the uses is that they can act as 
descriptive devices. The organisation chart or the pie chart or the layout diagram 
describe the features of their respective systems. 

A model, in a literal sense, can aln be sometHfiig to strive for or emulate, viz, 
the ptayaMfist’s eonoept of a healthy person or an etigineei's ideal dekiga, a potitiQiiBn’s 
view ofaa ideal dettobt^ system, tite total infomMioa systetai beiai 
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envisioned in management information circles, the most econqmic order quantity to 
manufacture or procure are all normative models in this sense 

Models can also be used to explain or predict the behaviour of a system. With 
the exponential smoothing forecasting model for example, we can forecast the sales, 
in the case of the breakeven model, we can know the effects on profit of changes 
m fixed costs or prices or adve rtising budget, etc Such manipulations may either 
be impossible or forbiddingly expensive to perform on their respective real entities 

We shall now discuss the various classification schemes of Models. 

1 By degree of abstraction 

With the aforesaied liberty in the definition of a model (i c , it may or may not 
be a physical construct, whatever we speak or write or read is after all a model Surely 
when wc speak or write we describe some event or whatever which, though, we can- 
not do perfectly well because of our mastery of the language and the limitations of 
the language itself There could, in fact be other limitations too For example, m 
the case of a cricket match commentary the commentator who is modeling the play 
for his audience is usually under time limitations All such models are language models. 
Business case studies are such models m our context. 

Language models are far more abstract than the concrete modi I like a globe of 
the earth or the model planes mounted in wind tunnels since they (the concrete 
models) are at once suggestive of the shape or properties or characteristics sought 
afier of the modelled entity However, even more abstract than the language models 
are the mathematical models (viz the break even equation or linear programming 
formulation of the product mix problem) Because to get the 'idea of the real-life 
situation they represent requires mathematical training and on the top of that consi- 
derable concentration 

2 By foBction 

(a) Descriptive models. They decribe some aspects of a situation. 

Examples Multiple - activity chart in Work Study (Ref Study V). 

Map of the world. 

(b) Perdictive modeh. They can answer “what if” questions. 

Examples Exponential Smoothing Torccasting Model. Break even equation. 

(c) Normative models. Economic order Quantity. 

3. By Stmctore 

(a) Iconic models. An iconic model looks like what it represents. A photo- 
graph, and a painting are iconic models of persons or objects. The toy auto- 
mobile is an iconic model of a real automobile. A globe is an iconic model of 
the earth. An icrmic model is said to be scaled down when the di^op^jon ff of 
the model are smaller than those of the real object ; for example, a globe repre- 
senting the earth. A model is said to be scaled up when it is bigger than its real 
entity, viz., the {diysicist’s model of an atom or the sketdi of an insect. 
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f Commonly, an iconic model repreaenU a static event. Chancteristics that are 
not considered relevant are not included. Another linutatkm of the 
model is that it is not capable of incorporating several dimensions. 

I (b) Aaalogatt Modeb. Here there is no look like a gadget, even if a strong 
correspondence of basic characteristics between the partem examined and 
l menon observed is present. For example, the seasonal demand may be represen- 
ted by a plot in time-demand axes To the extent a model represents one set of 
properties by another set of properties that model is an analogue in 

graphs, we use distance to represent such properties as time, number, age, profit, 
demand, etc , therefore, they are analogue models. In the analogue computers, 
we represent quantities by voltages. Analogue computers are, therefore aptly 
termed analogue Analogue models can thus represent dynamic reahties. Alt o , 
they are easier to change than the iconic models. 

By transforming properties into analogous properties we can frequently increase 
our ability to make changes. Usually it is simpler to change an aiutlogue model 
than to change an iconic models and not as many changes are required. Aiulogue 
models can represent dynamic situations and they are customarily used more 
than iconic models because of their vaster capacity to depict the characteristics 
of the phenomenon or event under consideration. For instance, a network of 
pipes through which water flows could be used as a parallel for 
the distribution of electrical currents The breakeven equation » a symbtdic 
model discussed below but the break-even chart is an analogue models. 

(c) Symbolic Models, (Syn. Mathematical Models) are by far the most com- 
monly employed in an O.R. study because of the great deal of complexity 
associated with an organisation It is so easy to change them (merely nhanj in g 
the symbols) or to manipulate them i.e., experiment with them. Just substitute 
different values of the variables towards experimentation. They may be further 
categorised by the nature of environment. 

4 By Nature of the Enrlro u ment. 

(a) Determiaistic Models. E.O.Q. model. Here the effect of changes in the 
batch sizes on the total cost is known. 

(b) FrobabUstk Modeb. As an example, the forecasu by the exponential smo- 
othing model do not purport to be true, they are most probable. 

(c) Gaases. The competitors have conflicts of interests. 

S. By the Extmrt of Gcaeraflty. 

(a) General Modeb. Linear progrmming model can be used for all the ftmfe- 
tions (viz, mariceting, production, etc.) in an organnation. 

(b) SlbcMk Modeb. Sales resptmse as a flmctkm of advertising in thefonn 
of a curve or an oqMtkm b spe cifica lly usatde in the maT k**"»g ftinctimi 
dene. 
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Properties of a good model 1 A model does not always has the chaiactcrisUc of 

a yardsticlc— it can be explanatory rather than merely descriptive. Following 
<(rc chief characteristics that a good model should have : 

(a) A good model should be capable of taking into account new formulations 
without having any significant change in its frame. 

(b) The number of assumptions made should be as small as possible. 

(c) It should be simple and coherrent. Number of variables used should be 
small 

(d) A good model should be open to a parametric type of treatment Such 
situations are often faced when response to an advertising campaign or the 
customer acceptance of a new product is studied. 

Advantages of a model : 

(a) Through a model we can have a good grip over the problem. 

lb) It provides some logical and systematic approach to the problem. 

(c) It mdicates the limitations and scope of an activity. 

(d) Through models we are able to incorporate useful tools which help m alimi - 
nating duplication of methods applied to solve specific problems. 

(e) Models help us findmg avenues for new research and improvements in a 
system 

LimitatioDS of a model : 

(a) Models are only an attempt in understanding an operation and should never 
be considered absolute m any case. 

(b) The validity of any model with regard to the correspondipg operation can 
only be verified by carrying on experiment and relevant date characteristics 

Constroctiag the Model . 

It is not unusual for the construction of a mathematical model to ta iVe hnn^iy^g 
of hours of the model builders (the O.R. team) and the concerned manager. It is a 
highly creative activity. It is not, therefore, possible to lay’Qown a nMnna l for model 
building, which even, if it could be done, would only stifle the creativity of die model 
builders. Nevertheless, some guidelines as accumulated over the yents of m/wu pjnj 
experience as also the pitialls to be avoided can save many man>hours. 

To illustrate the thinking involved in model building process eemmU^ a irell 
known marketmg model known as ReiUy 's Law which we penump dam apt txmt and 
feign to discover it. 

Two cities attract trade from a town locate^ somewhere bet>veeo and 
wimder what fetches them this trade i.e. what are the factors that have a bgaiiqg on 
the lUgnitude of trade they eaeh capture. Two' facfdrs at onpe Mnke the mjnd Ihe 
faugea'llieciiy (in Iketdih trade activity) the more tBe trade ii is iike^ to atinec ftoa 
the town. And greater hsdisluioe frmn the town the len the trade H nroald attiaet 
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In other words, the trade a city attracts is directly proportional to its size and inversely 
proportional to its distance. We use the following symbols to denote the variables of 
interest. 

TA=Trade (in Rs ) captured by city A 
Tb = „ „ B 

Pa >= Population of A (supposedly a measure of its size) 

?B=Popolation of B : *• » 

Da=A*s distance from the town. 

Db B's distance from the town. 


Then the following model is obtamed for this situation. 



X would be 1 if the trade increases linearly with the increasing population. Likewise 
y would be 1 if the trade decreases linearly with the increase in Anyhow 

their values remain to be detenmned. It is reasoruble to assume 1 but intuitively 
it does not appeal that if the distance is halved the trade would be doubled /.e. y^l. 
Now Reilly used x^ 1 and determmed by plugging in x» land other vaiidile 
values in several such triplets of cities and found that y varies between l.S to 2 5. He 
then, recommended the following model for general application : 




This is an abstract mathematical model. Its language model oountopnit would 
go as, “Two, cities attract retail trade from an intermediate town m the vicinity roi^y 
indirect proportion to the populations of the two cities and in inverse proportion to 
the square of distances from these two cities to the intermediate town.** 

Several pehlts emerge' from this modelHng 


1. Newton, a renowned physicist, discovered the giavitatiooal Law, “Bvesy 
object m this umverse attracts the other with a gravitational force whidh k diiMW 

proportional to the product of their masses and inversely proportional to die diatMoe 
betweeh them**. It is not difficult to appredate the similarny between thp two laws in 
widely differed walks of life The situations are aa^^us. TW* should sunest 

how the mathematics of astronomy or physia can be ns^lly appii^ in maiketiiia at 

buuuess problems. “WMiing 


2. It is assumed in this modelling that the txa/ie activity of a city can be anonv 
ximased by Ole size of population. This assumption may not be always vnihL IflMUh 
Aand'Vitine equally pOpufoted A may still dra,w mpr^ ttade beennae it k hMlv 
industrialised and it cancel out high value trmnsactioiis witti the town. Howwverkk 

possible to Milne thk model by ineoiirariding a few indices of tlM trade ae^ 'sm 
that would' iinlfemoddUns«>pcaiiv<dlflle^ andentuid and ^ 

opecitiog staff, etc. Likewise lUstaaoe ahme mav i»a# k. ”T ^t mria^ 
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tlie roads or means of transport, etc. are also the factors to be reckoned with. What 
we are trying to drive home is that a model is tailt after great many simplifying 
assum^uons and it just cannot be grafted on to another situation without scrutinising 
the underlying assumption For example, this model built m U.S A may be inappor- 
pnate in India A model is a model only and it should not be allowed to be confused 
as the reality itself. We say so because models are often epitomised as reality. Even 
the aforesaid famous Newton's l.aw supporting the edifice of scientific mquiry was 
challanged by Emstein for its inapplicability in outer space. *Miller and Starr condemn 
this thought process by exemplifying the child wtA> said “It is a good thing they call 
pigs “pigs’* because they are such dirty animals” 

Also, both the models are not to be discarded for their simplicity as useless 
Both of them have practical utility howsoever limited or unlimited, and if nothing else 
at least, they do throw light on the underlying theory. The famous E O.Q model 
has often been abused for similar reasons but its sharp focus on cost variations with 
the batch size is a discovery of a high order. Thus the utility of a model not only 
lies in the extent of lU apphcation but also the principles it exposes or explains. 

3. We considered only a tnpet (two cities and a town) in isolation. But there 
could be other cities or towns in the vicinity which may distort these proportionities 
significantly. For example, another city in the close proximity of A may make the 
town people rarely to look to B since ail their demands can be met in one direction. 
Thus, what are the boundaries of the system or the reality to be covered in modelling 
IS a dehcate matter to be decided before undertaking the construction of the model or 
such interactions may be discovered during the process of construction or model 
building and the initial model may have to be modified to account for these. Thus 
model building is an iterative process. In inventory situations the mdependenily com- 
puted E.O.Q.’s may violate the storage space limitations in a similar way. 

4. We said that y =2 was derived by Reilly after trying this model m several 
sucdi triplets. The O R. models may have likewise to be tested against past historical 
data, etc., in the same way. 

5. Ta, Tb, Pa, Pb, Da, and Db above are variables. But x and y are the 
parameters. Not entirely jokingly they may be called variable constants because as 
we said, in U.S.A., their values are 1 and 2, in India, they may be different. Or if to- 
day their values ate 1 and 2 after a lapse of a few years they may change because of 
changin g habits, of demographic movements, etc. Therefore, it could be necessary to 
verify tiheir values periodically 

6 This example very forcefully brings out a point to be picked up later that 
counting for the variables could be a tough task. Estimation of populations of the 
two dties would not be easy and as straightforward as it looks to be. 

What if y were 9 and not 2 ? That would mean that the model is highly sensitive 
totheebanga -in the distance va!nabk. The total ooatoirva of the EO.Q., model 

*E]iemitive Decisions and O.R., (PHI). 



29 


(figure orpftge 13) is rather flat>at the bottom, mcpning that it is inseositive to slight 
changes ift the E.6.Q. Thus if 122 was computed it would increase the total cost 
neglijribly upon rounding it off to 125. Incidentally, the protegonists oftheE.O.0 
model use this argument as a hedge against inaccuracies in the estimation of Ca, 1 etc. 
SoluthMi of the Model 

The solution from the model is a solution to the model alone and may not be 
optimal solution for the real life situation because of simplifying assumptions or other 
inaccuracies to be discussed soon 

Three approaches for solving the model exist. 

Analytical Solution. Ordinary or advanced mathematics can be applied to a 
variety of mathematical models for deiivingthe solution. TheEOQ, model is an 
example A simple application of diflferential calculus yields the optimal solution. In 
the ni « r of several replacement problems mathematics of finite differences is put to use. 
Frequently, some restrictions (like storage space availability m the case ofE.OQ. 
model) complicate the solution procedure Nevertheless, there exists a technique of 
Lagrangian multipliers to solve such models, too. The range of the techniques to use 
is as wide as that of the models. In view of this it is to be desired to include a mathe- 
matician in the O R team However, some models, though possible to handle mathe- 
matically, are more easily solved numerically. 

Numerical Solutions are arrived at by the process of tnal and error. The student 
is supposedly familiar with this approach for detennining the internal rate of return 
for an investment proposal Many of the differentials, mtegrals, matrices to be inver- 
ted, etc. may either be impossible or difficult to solve analytically and the numerical 
methods are quite handy here As a simple example, consider the foUowing quadratic 
equation which the student should be able to solve readily analytmally. However, we 
propose to solve it numerically as an example 
X* -3x+4 40, 

7 ry x=2 L H S =2* + 2x3-k4=14<R.H.S ; therefore. 

try x=5 LHS — 5*4 5x3t4- 44>R.H.S. ; thcrefoit 

try *“4 LHS -4>+4x3+4— 32<R.H.S. ; therefore. 

try x=4i 

Proceeding in this way we can find highly accurate solutioq. Our analytical 
techniques would fai* us in higher order polynomiaJs ; but the numerical approach can 
be usefully applied there As another example the square root program flowchart of 
fig. 6 of SADP Study II is based oa the numerical approach. 

Moate-Carlo SohtkM can be obtained when the above 2 methods are of no Iwlp 
to us. This method makes use of random numbers and is introduced in Study VI. 
However, it is like using a brute force to solve a problem since it requires a great deal 
of computer time and, therefore, H should be need as a last resort only. 

Steps in Simulation (The student may interpret tbcM in term of the Heftt’s model 
'or capital investment disouased in FM Study V). 
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1 Sample observations are taken to choose some appropriate model for the 
system For accurate results, use of correct sampling procedure is necessary 
Here, we determine the distributions for the variables of interest such as in 
quenuing theory (or in Hertz’s model, those of the 9 input or exogenous 
variables) 

2 Convert the exogenous variables probability distributions to cumulative 
distributions 

3 Establi-h structural relationships between the exogenous and the output or 
endogenous var'ables 

4 Select a sequence of random nos from the exogenous cumulative distribu- 
tions 

5 Perform calculations according to the structural relationships and determine 
a value of the output variable 

6 Repeat step 4 and 3 to obtain the distribution of the output variable 
fTaatm of O R Models 

The mathematical analogue models usually to be encountered in O.R fall into 
certain classes depending on the types ol process to which they are applicable In 
moat ot the cases these processes have acquired their own names Following is a brief 
survey of these (6 in number) 

(a) Tlwory of allocatioa Problems of allocation arise whenever there are a 
number of activities to perform but limitations on either the amount of 
resources or the wav they can be spent, prevent us from performing each 
separate activity in the most effective way conceivable In such situations, 
we wish to allot the available resources to the activities in a way that will 
optimise the total effectiveness The simple case here is the one where the 
objective function and the restrictions arc stated in terms of linear functions 
of the allocations The analysis of these situations is in the domam of 
Im.ar programming dealt with in Study 111 However, there have been 
recent advancements upon linear programming , integer programming where 
the variables assume discrete values, parameteric programming which is a 
sort of sensitivity analysis on the LPP solution in that it investigates its 
behaviour as a result of predetermined linear* variations in the parameters 
of ihe problem, non-lmear programming, geomecric programming where 
variables are multiplicative unlike linear programming in which these are 
additive. 

(b) Replacement Theary (Ref. Study VI) is concerned with the following situa- 
tions . 

(0 For equipment of which efficiency worsens witn time, 

(ii) equipment which “diet” or fails suddenly ; and 
(ill) staff replacement problems 
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(c) ImvBtorjr pnicewc». Here two or all of the foilowiog cosU may be in 
conflict : (i) acqaiution TM’oeurement or tet up ooste, (ii) hivaitoty canyiii| 
cost and (iiO disservice cost. These are disctused in Study II. 

(d) Queuing Processes. Decision situations frequently arise in which units 
arriving for service must wait before they can be serviced. Arriving units 
may form one queue and be serviced through only one station, as in an 
accountant’s office ; they may form one Ime and be serviced through several 
stations as against tea (vending machines) or they may form several lm#« 
and be served through as many stations as at the checkout counter of a 
supermarket. As the costs (though apparently intangible) are associated 
with waiting times. If therefore the laws governing arrivals, service t;mes, 
and the order in which arriving units are taken into account i e. arrival (ser- 
vice probabilities) the nature of this waiting situation can be studied and 
analysed mathematically /.e., an optimum decision can be taken with regard 
to opening of new service facilities, closmg of the existing one. Some 
elementary queues are discussed in Study II. 

(e) Competitive. Processes are characterised by the fact that two or more indi- 
viduals (or groups) are making decisions in situations that involve conflictmg 
interests and in which the outcome is controlled by the dedsions of all the 
parties involved. These are discussed in Study VI. 

However, all the probabilistic models, too can also be taken as games against 
the nature and as such they are discussed in Part 11 of Study II. Their discussion by 
the utility criteria and in the form of decision trees is embodied in Study VI. 

However, with the advauoement of O.R. in future more processes would have 
been added to this list. Also, the distinction between them is not so clear. Often 
the in^ventory processes, for example, can be treated as queuing prooemet, the work- 
centres being the service facilities and the batches of components to be processed being 
queues. Also such O.R. tools as simulation, which can be utilised in solvmg the 
models of such process and others legitimately fall in the domain of O.R. 

(fl) Teatiag the models Model is, after all, a partial representation of a situation. 
A large number of assumptions go into the construction of a model To give an exam- 
ple. eooiider the Economic Order Quantily Model When an item is procured from a 
jvenddr the item having a fairly regular usa^, the problem arises . should one just 
procure the immediate iredc’s or month’s ete. requirements, or combine requirenicnts 
of monp than one, period immedtateiy ahead ■? On the one band, there are costs asso- 
cialsd with the plaosment of an order and its AirtKcr proce s s i ng and on the other, are 
inventory carrying costs if more than the immediate requisement is sought to be stoc- 
ked. The hUa^ has to be struck between the two aad the sue of the order if thereby 
deteemined which opU mim a the sum of the two coma The ordering ooeti usuall 
comprise seven! elemem, e.g. cost of writing end t^piflg the pepe r wot k of the onler 
copies, cost of cxpedkhlg through reminderr or by tetej^one ca& and even p'r>ouaI 
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visits, costs of maintain lOg the progressing diaries and the files^ costs of recei- 
ving the goods by the Goods Receipt Notes, sampling or complete inspection of the 
deliveries, updating stock records, handbng vendor’s invoices etc. From ordering 
point of view, therefore, the fewer the orders, the cheaper it is for the receiving orga- 
nisation Or inversely, this implies as large batch sizes as possible. The stocks in 
excess of the immediate requirements, however, are an expense or burden in the sense 
that the storage space is required, there is a loss owing to deterioration or obsolescence 
and expenses of the insurance charges and. above all, the investment tied up. Theore- 
tical modelling of the situation leads to the following formula for computing q, the 
optimal batch size 

I 2 X cost of placing and getting an order x Annual usage in un its 
9~ V Annual cost of holding a unit in stock per year 

It purports to minimise the sum of ordermg and inventory carrying costs. But a 
host of assumptions "see Study II) are made in its mathematical derivation, some of 
them are given below : 

1 Items are replenished instantaneously, t.e , the replenishment leadtnne is 
zero Furthermore, items 'are delivered in a single batdi In practice, neither the 
leadtimes are close to zero nor deliveries are always made in a single batch. Although, 
iheoreticallv, it is possible to refine the model to take mto account both of these 
shortcomings, this would make the model rather cumbersome to operate routinely. 

2, The demand of the item is regular Certainly the formula provides sulficicntly 
near optimal solution if the demand is not very much irregular ; but, m practice, there 
will be great many possibilities of the demand behaviour and subsequent stock deple- 
tion The hatch may ‘be consumed the moment it arrives or a substantial portion 
may be consumed at a time later. 

3 The optimal batch size is computed in isolation and the batch sizes aggrega- 
ted over several items may violate the storage space, machine capacity (tor the made- 
ms) and the total capital restrictions. Although the formula is amenable to mathe- 
matical rifinements here again they have further complications in their trail 

4. The aforesaid cost element which enter into the explicit solution for q, as 
enumerated above, are very diticult to measure or may only be hazily defined. The 
ordering coits are supposed to be linear with the number of orders, whereas this may 
not really be the cave The associated inventory carrying costs have been a topic of 
a long controversy and there exist two difioite schools of thought in stock control 
circles. Also, many practitioners have summarily dismissed the formula as imptac- 
tical. 

This model was intended to five an examine of the likeNbood of a distorted 
representation of the system. Fortlmnnore, it is not just * sin^ asodel that the O.R. 
team might e id up wift. There b usually a *congloiiieTate’ of modeb. (We shall have 
sudi cases in Study II). There is a great need, therefore, to thMonj^ test the model. 
Asi^ from simplifying assunwtions, which are necesritated to handle the problem 
matbcmaticaUy. thmarea fW other powlbilitics of distortion in tefmsenution. 
ikome of these are dimussed below : 

1. The model may assert the dependence of the effectiyenem of the qittenum 
one cr more independent vaiteblee» wbidi m a mailer eMhet^not 
cffcctivenMe. In an expooMtial unoothing modal, for axam^, deagnd way be 
wrmigly presumed ai Muooai whereas It has Just bnt one peak daring ChriMmu. 


\ 
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tkh ClF Q/fosm, 

Fig. 1 


2 The model may fail to include a variable wbii;|> does influence the effective- 
ness of the system In a production model, for example, set up and inventorying 
co<its may have been well balanced but the important cost of changing the labour force 
might ha%e been ignored 

3 The model may inaccurately express relationship between the measureo f effec' 
tiveness, E and one or more of the pertinmt variables e g , the forecast error is usually 
assumed to be normal , but it may not be so (See Figs 2 and 3). T)jis would lead to 
services and/or inventory levels contrary to expectations. 



( lassisiiJeess. 


Fig. 2 and 3 
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It is usual to assume the acquisition costs in stock control as linearly related 
with the number of ofders. In the case of clerical cost element, at least, the relation- 
ship is steeped as shown in Fig. 1. This implies that a fixed strength of the concerned 
staff IS capable of handling number of orders in a range, e.g., 600 to 1,000 per year. 
Putting It other way, clerical costs are not divisible 

We stated earlier that q, the optimal batch size add safety stocks interact, whene 
the overall objectives of inventory control system are : 

(i) Service to the customer at a tolerable level 

(lO Inventory level at the minimum possible. 

( III) Ordering costs at the minimum possible. 

The interaction shows itself significantly when the batch size is large, e.g., a 
year’s requirements Under such circumstances, less than the ordinarily and individu- 
ally computed safety stock is enough for the desired level of service to the customer. 
The consequence is over-inventory if the interaction is not taken into account. 

In the critical path method (Study IV), the network may not be correct This 
could cause confusion and delays during implementation. 

4 If the model is sound with respect to the variables and relationships it may 
still yield poor results if the parameters are wrongly estimated. In an exponential 
smoothing model, higher (than the optimum) values of a may lead to over estTmation 
or under- estimation of demand which is rather stable. Such a “nervous” forecasting 
model may either adversely affect service to the customer or increase inyentories. 

It IS almost an established custom to take the inventory carrying cost as 20% of 
the inventory in calculating optimal batch sizes So mystically umversal b the use of 
this parameter that an eix 5 iert on stock control, when questioned about the rationality 
behind 20%, cleverly sav^ himKlf from his kob to explain it by the reply. “Now that 
the inventory control svstems are being computerized, 24 is being favoured because, 
it is simply divisible by 12, the number of months in a year” 1 If the various elements 
of mventory costs are patiently asseiised for the given organisation the result may be 
markedly difierent from 20% or 24%. 

This should underline the great necessity of testing the model. 

The evidenceiir that which the pciformaooe of the modd is to be 

tested should be gathered Ilk a careful manner. It may be fairiy painstaking as the 
sponsoring organisation nifiy have to ba' convinced by sudi tests. It appears to be a 
straightforward and simple matter but is deceptively crudal. The oondhioDS under 
whi^ and the procedures by which, the evidence is to be obUectsd should be rigorously 
defined. The actual procedures of testing however, wjuU from situation to 
•itaaUoD. If the O.R. team is fairly confident about the validly of tiia«iodel ibey nmy 
start testing the model as a whole. If, thm is deffciency they may then panne for 
tin fkulty variables, parameters or t^tionships. If however, the tehm to not vny 
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confideut, they may proceed the other way round beginpiog with individual vartaMes, 
parameters and lelationthip, finally ending up which testing the model as a whole. 

For the purpose of collection of evideace, the variables may be put into two 
categories : Enumerative and Metric variable. 

Enameratlvc Variables : These are the countable variables. Counting u consider- 
ed to be too simple to deserve special attention ; but experience suggest it to be 
too difficult to perfrom accurately It is frequently the case that one countmg the 
number of members in a party ignores himself I As another example, the student may 
find that in different trials of count of the number of vowels in the following couple of 
pa ges come out to be different. Therefore, it is necessary to devise the best possible 
counting scheme, and cross chocks. If. for example, it is required to count the various 
stockitems falling in the following classes of the usage value (the range of the classes, 
first of all, should be clearly stated) a tally role scheme may be quite useful. See 
figure 4. 

Metric Variables. Unlike the enumerative variables where, fasicany, the emph- 
asis was on ‘‘yes’* or “no” regarding item /.e., whether an item possessed certain 
attribute, here, with metric variable, one is concerned with “how much” aspect of the 
variables. A rigorous set of specifications r^arding the thiQgs or events to be measu- 
red, the environment and the chaoses in the environment under which measurements 
are to be made, operations to be performed, instnitnents to bp used nnd rcadmgs to 
be taken should be set. The student is referred to study matererial on Woik Study 
for a more detailed discussion on such topics. 

Sampliag aad Experiamat Desiga : The need of sampling arises either because of 
great difficulty or impossibility of complete enumeiatioo on economic oonskfeiations. 
These general considerations are as applicaUe here as in any other situation. 


USAGe 

NMLUe 

TALLY «DLL 

total 


-ff- • 
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Fig. 4 


^K/lth mcperimental design, it u possible to aaoertaia the efibciveneBS of a fViact- 
too by ebnsidering several variables at time, Hkii.peiails an aaglyia of the poasible 
httenotion between the various variables. The teohaiqne, an eKieaeico of analysis of 
VMkaea, is highly ekgant and versatile. 
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emmph. in testing the optimaF batch size formula (ve may first evaluate < ost variaWes 
in onler to compute the total cost predicted by the mode/. These predctions may then 
be compered with the observed values A statistical measure can then be derived to 
escablish if the model predicts well 


The statistical measures of the variable computed from the collected data may 
be tested by means of significance tests, or otherwise for the following : 
f i) Whether a variable should not be included. 

(li) Whether the form of an analytic function is linear or some other type. 


(ill) Whether the form of a probability function is normal or some other type. 

<iv) Whether the model has failed to ircludc a variable that ought to have been 
included 

Testing the Solution * The test itself usually consists of a comparison of actual 
effectiveness with what would have been obtained if the solution derived bad been 
used. For example, the testing may be performed retrospectively In a forecasting 
mode), as an instance, forecasts of the (say) immediately preceding 6 months may be 
compared with the actual demand that had materialised during those mopths. Some 
times, there may elapse considerable time before the data for testing accumulates 
For a new product the forecasts may be made on the basH of demand of another item 
having similar characteristics in this respect But one would have to wait for the 
ftiture demand to materiaise so that it can be compared with the hypothesised fore- 
casts. It IS to be noted that collation, collection, editing the past data for comparison 
may be quite painsta)ong sometimes. An example is to find the weekly or monthly 
demand of an item over the past one year Demand is constituted by the custmoer’s 
orders for which adequate records may not exist. Therefore, it may be thought that 
demand could be substituted by withdrawals (issues). Dates of issues may not have 
been properly recorded One would have also to be cautious that an unusually high 
and low demand or issues might have oocurfef with some assignable and exceptional 
causes. Such data should be omitted Illegtbmty'of the handwriting may frequently 
be disgusting. If the stocic control office has the custom of keeping not more than 
one card aside from the existing stock cards for each item and destoiy the past ones, 
this might lead to distortion. A slow moving item would have records on its two 
cards ; current and the previous, dating back to several years Whereas a fast moving 
Hem would have records on two cards for just a few months Paradoxically the interest 
may be in longer records for the fast ro sviog items. The example should give an idea 
of how formidable the task of data collection may be : 



(t) OmM Mi Imp lMw a ffloB oflte MtfM' tl» O.R. pro- 

darf witfa muafemMit decktoas that an xmknat. FoMcaati nay have to be 


undeipo change under nich dynanicm. pema|»R liatinM Jny change for nuions 
abrupt or gradually bulitjap reasons. Demand" pepMNl ^piei linear trend may 
f assume a peak or seasonality, Tl^ would caUfi^^a model. In less 

[ severe cases, the device of a<^ptive response and ftr fddpg sl|mila (dealt in O.R. Study 
I II in more detail) may be embedded in the moditl tigiktigt the time of im{deniaitation 
of the forecasting m^d. The adaptive response refeni^ automatic change in the 
value of the smoothing coefBcient in sympathy ' wh'|b chaaps in die “magjnitude** of 
iBnctuati^ in demand. The adhptive response ehtment || pnt Into opeiitiosi when 
an aocumnlated statistical measure exceetb the limiits. This* indeed is oontmuous 
monitoring or control of the O.R., solution. There are many onasa where the control 
may bam to be exercised at discrete intervak of time. As we dMH discuss in sli^tly 
more diptail, some of demand patterns are not serially condatMl^ /.«. the demand k 
not re|[ular. If in one month the demand k 13 the u«xt month it may be 100 and 
\am'^tdp'bd2l Some ortfaese patterns may admit description^ sense of die s fPda r d, 
mifllhdiatlcaBy eaUfy ttimipniative distributiont, e.g^ P okaon or LognonnaL Instead 
orSne -series fotidnting models, the probability dktrftmtion. models are used. Now 
the probihibty disiribation model may' change in itsvphm of panuneteis, e.g., the 
mteo (F||. S). The mean demand level has, tberefom, le i be periodically decked and 
if there it a signtdeant change the probability dktrfliation model has to be suitably 
amended. Stsndird deviation of the distributioa may nhd undergo a significant 
change and oven the fofm of distribution. 

Theiefm, if the p.R. solution k to be opmatnte osi rtyietilive bosk suitable 
contn^ syirtem shohldbe designed and embedd^hi RdTpotin black and white as 
an easily uoderstindable procedure. With the existing sktte of tiie art, thk may hot 
always be possil^ to devhe optimkl control ; but mverthe.!^ control procedures can 
be devked that are better than if the system were to be left M sneb. 

Control has to be designed with regard to the foUowfaig ponabiUties : 

(i) A yarii^, becomes irrdevant or another, hitiierto notJn^iuded, becomes a 
Mfidi^/or inclusion. The student could imagiioe sneh possibilities in the 
oonttsd.i^ regression models. 

(ii) The piyninetms change in value ; sn was, dm case nbove with the iHastrative 
ettniilenf the probability dktribc^on ia^idl^ for fbracasting the leadtime 
ditytidid. 

as cited above. 

ini the elnmn l|ti|i|,pnipi(f W fllprittuit id' the Bmtktkal 

iMM. As«dB btdlHB«|ldl|li»in4ilMlcmdt4iAi4ir le^ sicniftcance entaOs 


every tane an order is placed, esimcklhr nni d eontytifnemed system 
the production scheduling rules are kwithif y * The systems to 

^ O.R. k generally applied are dynamis In trity be ondbded 

eooner or bter by changes in the Values of paihlaiielntf ^ nvmbOT ^variables. 
Even stractmal relationships for bbmpttting the 'ineamn of gfiTcctiveness, are Uabie to 
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risks of two types Briefly a stfaificant change may be ignored or an in*« gnife^^ 
change n' ty be mistaken as important. Obviously, then, the variables, paiamatets and 
relations) sps that are suaeeptibie to change and any variable likely to be mchtded alter 
a few years' operation should be hsted and, where possible procedures for detecting 
significant changes laid down, the necessary remedial measures for adjustment 
and the coacerned persons in the organisation suitably apprised of such contingencMS. 

Control of the Parameters: Obviously, the first ^ step would be to list all tfie 
variables if a change in their values is likely to influence the system’s effectiveness. It 
may not, however, be so obvious as to which of the variables not included in the 
solution may gam importance in efifectiveness owing to the changed circumstances in 
which the system is operating. A re'examination of the variables discarded whilst 
screening during the formulation of the problem stage may be carried out. It may 
alscr be advisable to “explode” a vanable into more elementary components e.g , 
acquisition cost In thi> way, it is easier to discern the possibility of change in tne 
value of a variable The variables may be categorised as : 

1 . Variables whose values during the period covered by a decision can be 
known in advance, e.g., number of models of a particular product. 

2. Measures whose values cannot be known in advance such as arrival rates of 
trucks, demand, labour turnover ; etc. 

It is not a diflScult matter to devise control scheme for former category, but the 
latter is problematical. Fixst of all it has to b) established if the value of a parameter 
ri ipnM be arUusted to a new level or the procedure for estiniatiiig a variable ttkould 
be ovnlisaled. Acquisition cost, again, may be suitably amended and ineorpoiated 
in the inventeny Control Model, bat if the dennnd bduvioor abnqptiy chengte, e.f ,, 


It tcndi to be eetioiitl the fureGutliif model itaelf would have to be revised. Now 
the determhiattoo of the change to be elfailloant or inalfnifleaat h quite importaitt. 
This determination eoosistt of testing the hypotheiit that no ohaQfe bn occurcd in 
the variable or the characteristics of its estimates, which are themselves uariabKif. 

The student may recall Type I and Type IT errors inhesent is aigotAcant testiitg. 



H,True 

H, Tnie 

H( Accepted 

Correct 

Decision 

Type If 
Emr 

Hi Accepted 

Type r 
Error 1 

Correct 

DeoWen 


Tn the following Study Material we shall discuss exponential smoothing foieoas* 
ting modePs reaction to a sudden change in demand. Here the control system is 
familiarly known as tracking signal The purpose is that if the change it signiheant the 
computer signals out for manual aaslshuvcc. The person concerned, upon sodh a 
signal of an abrupt change, would hunt for the causes He may ullinsitdy be able to 
assign the abrupt change to such a cause as a competitor shutthtg down br a political 
event, etc. But there is also a likelihood that the abrupt change waa merely a chance 
occurrence and he would hdve utmeoessarily expended efforts in tracing the amignaMe 
causes which, in fact, do not exist. Let Ho=No real diapge in the demand level. If 
H« is true and there is signal it is a false signal and constitutes what is called. Type I 
error Tf, however. H, is not true, i.e , there it an abrupt and real change but ttem 
is no signal this constitures Type 11 error and is equal to * whsra (I -c) ia the signl. 
iioance level. Here, the control procedure of tracking signal has to be so devised 
Type I and Type If errors are at an acceptable level, i.e., falae signals and on-signalled 
true changes should be within tolerable limits. False signals entail unnecessary eflbit 
in hunting for the assignable causes Unsignalled true changes result in. as shn nfif 
be more clear from the following study material, either more inventorie* or poenr 
service to the customer. Incidentally, as an exercise, tiie student may consider ; - 

(0 frequency of false signals, 

(if) poor service to the customers, 

(iii) increase in inventories 

as a problem of weighting the o bj ect i ve s fbr O.R. study of devWng control 
mechanism to be built in the forecdsting model for detecting abenbt rhangia in 
demand level. 

Detection of and adjnstmsat far slgalfcaat changas : Ideally, in the design 
of control system for a variable, six inter-dependent decisions shoiM be t yd f if 
poasibla:— 

(0 Tht fraquanoy (l.a., parlod batwaan) of control ohaaka, 

(H) Tba iitfmbar of ebaarvationi par eontrol dieok, If mon than ona li posslbla. 
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tf* moM tb«a oae obaervmHam i» tpeddtd. 

(IV) The atttiMtal tmthug procedun to be uted to determbae whether w aot m 
value hai changed. 

(v) The ipecific deowon ruk baaed on the test 

(vi) The actioa to be takoi if the test indicates that a parameter’s vaiue has 
changed. 

Again, ideaUy, these decisions should be made in such a way as to minhni^ the 
SMS of the following costs,: 

(0 The cost of taking the observations, 

(iO The cost of ptf forming the test, 

(iii) The expected cost of Type I Error, 

Ov) The expected cost of Type n Error. 

Here again the expected total coat could form the criteria. 

OnstielllM the rel a t l e n s M pe : The probability dhtnhution function e g., a 
Logaonnal distributioa for denuud may chuage its parameters (e.g., mean) Over time 
and May need amendments. Or the fofmof fte probability distribution itself may 
ondangO^angD Cbi^Okre'test of goodnesa of fit may be performed periodically to 
keep tile neeoHaiy contraL 

In the folkming Study Material, the student will find a regression curve fitted 
b e tween Mean, M and Standard Deviation, S of the past demand of sampled items 
for iB w nlor y control purposes. Initially, the estimate could be. 

S<nKM where k is a oonsiant. 

It may undergo change in value of its parameter, k or even the i'^raight Ijpe 
r e gr ession equation may be no longer applicable and a curve may be more appropriate. 

Imphowtatlon : It is the final phase in the Operation Rescaich methodology 
and the moet important for the sponsoring organixaUoQ but, perbqpB, 1<^ developed 
by the O.R- theoretlomns. 

The solution the O.R. team concludes should be written down in the form 
of an (qpemting mamml, especially when the decision roles are to be applied routinely. 
This amy mqnira answers to questions below ; 

1. Who should do what 7 

2. When 7 

3. What fatibqiigtion and fkeilities are required to da it 

Ihe people and the depertment reasponsible for taking each action need to be 
plipoiMed. The hnpknmMI|(en phase roqp^'oontinuous cO'OpesaUrm and eonunu* 
■|***fr* *»■*■■■■« Bach penoo entrusted with 

mi MM JhonM be iwWliia initnioted. The tools required for taking the actioa 
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lould be made available to him. These should be simple llMi quick to use, e g , a 
nomognm. The tools may require considerable simplification even to the extent of 
some loss in system’s effectiveness. This should be obvious since the mathematics 
employed in an O.R study usually tends to be quite complex ; but the operatmg per- 
soaael would have either no background or time to understand and apply. 


Seff-Ezaaloatloa Qneationa 


1 . Support or refute that the following problems are suited for operations 
research by giving reasons in defence, briefly— 

(i) Stockpiling of crackers prior to Dewali. 

(li) Decision by a contractor to replace trucks after about 8 year’s usage even 
though some of them may be in working condition. 

(iti) Reinforcing the strength of the maintenance crew by Air India’s repair base 
in Bombay. 

(iv) A newspaper boy estimating how many copies of the Times of India he 
should procure each day. 

(v) Allocation of plant capacity amongst the 4 products of ABC Co., Ltd , 
Sometown. 

(vi) A scooter, its driver and his companion towards office. 

(yil) Opening another payment counter by a commercial bank. 

(viii) Reinforcing the strength of the unloading equipment and fircilities by the 
port authorities of Madras. 

(ix) Setting up the minimum levels for a particular shoe in the Bata warehouse. 

(x) Statistical forecasting of the sales of iee-cream 

(xi) Derivation of the most economic lot sizes for procurement by the super 
market. 

(xii) Establishing dependency relationships of the inter-related activities 
in introduction of an originally new product 

(xiiri Modification in the design of an ori|tnally new product 

(xiv) Adapting the exponential smoothing forecast model for flurpu tiAnt in 
dcnmnd. 

(xv) Embedding tracking signals in a forecasting modd for caution upon afanqrt 
dedine in the demand of the transistorised ladioa. 

(xvi) Determination of the recruitmoit policy for atr-bostesses in view of 2S% 
reinforcement owing to opoiing of some new lurwap, 

(xvii) FMing lAe number of bomb hits tequire^ to dmtory enemy’s leading 
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(xvtii) Considering group replacements to replace the existing policy of individual 
replacements of tubes along a segment of the Grand Trunk road. 

iw) Choice of an optimal policy to meet a spurt in demand by a combination of 
hiring and machines, stocking and protracting delivery period to the custo- 
mers 

fx' I Improvin ’ means of written communication to provide better feedback for 
control of a jobbing workshop 

Model .nswers to selected problems 

It constitutes an O R problem. The objective here is to maximise the profit. 
Courses of action would be stockpiling various volumes of crackers. Over- 
stocking would result in virtually complete wastage of the unsold crakers 
since there would hardly be any sales after the fair is over. Understocking 
would mean regret or the opportunity loss An empincal sales distribution 
may be compiled from the past historical data or by judgment such as most 
optimistic sales, average sales, etc The counes of actions can then be eva- 
luated m terms of the probable sales and associated net profit. If desired, 
one of the maximax, maxtmin or the expected payoff criteria may be applied 
for choosing the optimal policy sales volume The timing of marketmg the 
crackers is also important Too early marketing would mean tie up of cap- 
ital as well as risk of deterioration of the crackers. Too late marketmg 
would imply regret later 

(vO Although the driver and his companion are most likely dnving with a pur- 
pose in view but there is hardly any conflict amongest the three. Fur^r- 
more, there is no other recognisable course of action but to drive. Not an 
O.R problem. 

(vii) It IS queuing type of problem. The management may set some limit for 
the average waiting time for the queue length. The number of counten 
that are required with this objective may then be calculated 4 fter having 
collected statistical data of different periods of the day for a fortnight, 
month, etc 

(viii) It IS again a queuing problem. By studying the statistical behaviour of the 
queue formation of ships waiting for being unloaded the optimal number 
of equipment and facilities can be determined towards desired rate of 
service. 

(ix) Setting up the minimum level is an inventory type of6.R. problem. The 
objective would be to mmimie the inventory levels for desired service to the 
customer. 

(x) Sales of ice cream are influenced by seasonal effects. Merc sobtjective fuesics 
may be widely off the mark. They could perhaps be better estima^ by em- 
ploying a forecasting model. The objective wtmh) be to maaintise tlie pr*^. 
Too high production would result into unsdd and patubaUe ioeHaNaaa. 
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Too low production would entail regret or opportunity loee. Stocking b; an 
appropriately foreoaeting model would provide an optimal compromise be- 
tween the two. 

Others ; (ii) Replacement (lii) Queuing (iv) Inventory (xO Inventory (xii) Net- 
work ^please wait for the following studies) (xiii) Not an O.R. problem 
(xvii) Forecasting Inventory (av) Forecasting (xvi) Replacement problem 
(xviO Simulation (xviii) Replacement (xix) Production Inventory (xx) Pro- 
duction Scheduling/Control. 

2. Suggest suitable models for the following : — 

(i) Output measured in units and cost measured in rupees 

(ii) Com production measured in bushels per acre and rainfall measured in m- 
ches per season. 

(lii) Elements or components of a new product such as an electric coffee maker. 

(iv) Members of five man team runiung of a machinery producmg synthetic 
cloth. 

(v) Company profits and share of market and GNP. 

Answer 

(i) y^afbx (Symbolic Modd) 

where y is the output in units. 

a is the fixed overheads in rupees 
b is the variable cost in nipees/unit of output : 

(Alternatively ; Break- even chart). 

(ii) y^a -fbx (Symbolic model, Linear regression) 

a - and b- ||S 

N is the number of seasons esmsidered. 
y is the oom production in busbels per acre. 

X is the rainfall in inches per season. 

(iii) Engineering Drawings and Bills of Materials : the former being an analouge 
niode( and the latter a symbolic modet Ibe lull (ff material is useful, how- 
ever t^y if modelling is sought in the production or assembly context 

(iv) Mullipln Activity Chart - Analogue Model. 

(v) Tima leriei plotted with yean on the x-azis and the variables under consi- 
darptlmi aloni the y-axis. 

)• (a) State the type of the follovring models by one or more classification 
ifdmme* 

(i) ptierolllmed dooumenta 
fpiplllltt fm porcessinf a CM 

(iiO p i tp op e llt ia l Smoothing forecast model without trend correction : 

Pfiwilt-i-ear. 
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(iv) 

iv; 

(VI) 

(vii) 

(viii) 

(ix) 

(*) 


Answer : 


A nomogram for computing economir order quantity. 
Motion film 
Ptoject network. 

Templates used for manipuiation towards best layout. 
Poisson distribution cotve. 

A histogram of income of the employees of the Railways. 


Economic order quantity. 

Iconic : (i). (v), Analogue : (ii), (iv), (vii), (viii), (ix). Symbolic, (iii), (x). 
[(ii) 18 iconic/analogue strictly.] 


(b) Give 5 examples each of the inconic, analogue and symbolic models prefer 
ably from busmess situations. 


Definitions of O.R. 

Having discussed the salient featum and methodology of O.R. we are now in i 
position to critically appiaise its ddfinhions offered by dSTerent authorities. A defini- 
tton is the most concises and precise model of a subject I Therefore, there is a neec 
to expatiate on these definitions. However, most of them are not very satisfactory 
but this should not be surprising for four reasons. First, none of the sciences bai 
been defined to the satisfaction of all its practitioners and researchers. Second, O.R 
IS a relatively new science Third, these definitions have been offered at differei)t timei 
of O.R’s develojMnent and alTe bound to emphnAe one or the other characteriptip. F<m 
this reason, with its development more dbfitaitkMis, perhaps mote precise than the 
existing lines shoul4, be forttfcomiag, {bi this connection, we shall make mention o] 
the term “Management Science” whidi connotes OR in foutine use in operation o: 
MIS Id fact, when we^id earlier that OR ia boaical^ inaepniable from (^stemi 
analysis i.e., we could say ’’that as such it mananagement science but if it is use^l U 
sort out a one shot problem (viz.^ n 411^hg dc^, bMvfilg do OR staff of iu own con 
tactmg an OR team to stra^hcen Us ptrbMem and tbM ditbaadkig the team.) Any 
how, we would not pursue this ^amnntic naunte^aity MUe.] Fourth, OR is inher 
ently intedisepUniary in nature ippliGatsoB not only in military or busmess bu 
also in medic^, engioeeriog, astipaptDy, govemmeat adnunistratiou the new scieiio 
of genetic engioeenng, physjch and so on. definition i# very likely to be fbutu 
wanting to some extent Howeyer we ritall only be eoocenied with busii^ situationa 

1. “OR is ffie iq^ikatioa of the theories of probability, tutistks, queuing 
games, liner proftaimning, etc to the problems of wnr, goyemnteiit and iadumiy”. Tbii 
definition tries to bundle all the toob god tedmiques of OR tr^gethcr perhaps puipor 
ting to ^ compidieoitve but unTortuniriely h faib omnplelely to distil tbe’emenioe o 
OR. It has also the merit of fbrther mbleading the misled prartitimiiii and giving ik 
indication of the dbdpline to a bjnnBn. How it emi Minfbiw tha wnbg pinwfffpn 
of the muled or unimaginative H to ba'Ianitt IRoai kiSuitP* 
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ous story about ori'; st!< *' OR worker who had nothing to do during the weekend and 
thought of tightening af! the '«ercw$ in his house and as such started doing thii with a 
screw driver. Upon having tightended all of these he encountered a nail, took a file, 
fwaA. a sfet in its head and then started applying the screw driver to drive the nail 
whereas tfiis should have been hammered down into place. The story bu a lesson. 
The OR worker should not wander around the organisatian with the kit of OR tboli 
like linear programming, queuing and hunt problems to suit these. It should be the 
other way round. He should onginally formulate the probtem and build the itt68el 
and then make use of these tools if and where appropriate. Further, there is a host of 
prabability theory and statistics applications in business which have no flavoor of OR 
I whatever, e.g. statistical quality control. Index nuaiAm, 


Then, is accounting merely a collection of budgeting, breakeven analysis etc ? 


2. “OR is is the study of administrative systems pertned ip some sdenti^ 
manner h wMcA Physics, Chemistry and Biology are studied in natural sei 0 tce^ 
(Italics ours). We think that without the italicised portion the author could have said 
what he wanted to say in a more forceful way. Mneh of the raacas^ in friiyrtci, 
chemistry and biology remains of pure nature only with Uttla or no fniits in t^ ihoct 
run. llic applied research in these three disciplines tend to become at once of engj* 
neering or medical interest. Also their research is of highly rigoroua and exacting 
standard. The team approach is not essential there. Mathematjcal abflity ic nOt 
essentiaL And no interactions may be there. OR, like engineering or surgery, n at 
once of practical nature. In its research bank, it does not have much of its own pure 
research. It adapts pure reserch of other disciplines to its own use. It it not highly 
exacting or rigorous. A model that works is the best Whereas the researdies la 
those subjects are based cn the most fundamental axioms which are all too obvious, 
in OR fairly large number of bold assumptions are often permitted. Just u engi- 
neering allows approximations fairly so does OR too The element of uncertai^y 
which h almost ubiquitious to OR applications is nearly missuig m chemistry at least. 
The author perhaps intended to say that OR is scientific research into the operauons 
of administrative systems but he has fouled this up by bringing in these three disci- 
pUnes of pure science. The world “pure” is the crux of the matter. All applied 
science like psychology or political science or sociology ale not pure in this sense 
since they are all copcemvd with the inhereot vagaries of the variable and not totally 
predictable human behaviour. OR is more like thcM applied sdences than pure 


KTiences 


3. OR is the use of scientific methods to provide criteria for dfirifiom ngar- 

ding man machine systons involving repetitive operations.” This go^ 10 . 

the heart of the fidd of application and is oonunendabie to that (but only to that) 
extent. Because if you replace OR by coat accounting in this you ggyu 

still p very valid phrase Even it can be replaced by quality omitrol chart Thus thb 
dehnitioo is poor becauM it does not delineate OR Tnm wveral diwsi pii p es or toob. 

4. "OR b the application of leientHlc metliodi,, mlwrilnihid* tttoliip opgia. 
tiona of a eyaiNB with of^nin aoluttoas to tfw proMa^" Thb dotiwirtwfi gi oOhnd 





by Chuichnum, Ackofl and Amoff who an aonie of the pionean of OR . Not brcaoae 
of that though, it it a good deflnitioii. Wa would have only wiihad the quallflcatioo 
of quantitative to the identillc method... lir. the definition oould parhnpi ha impro- 
ved ae *‘OR ia the anilication of eeientifle flMthpda; tedmiqnea and took wHh a quan- 
titative alant to operatiooa of a ayatem with opthnum aohrtiona to the probJama'’. 
Becauae etgonomica, for example ia ooaoemed with optimal deaign or provirioo of 
Aimiture, wmiaeaata, knoba and flxturea, iiluminatioa, humidity, etc. and H haa noth- 
ing much to do with OR. Likewiile, many of the induatrial enginaeriag techniquea 
like work Study, plant layout can ait well in their ordinal definition. Anyhow, to 
repeat it ia a good definition. 

5. Steinhardt defines it aa '‘Reaeaidi into Operationa**. In other wmds, he haa 
simply made RO of OR. Therefore deaervingly he haa been able to explain nothing 
whatever with this definition. 

6. OR society of U.S.A. offered another good definition in 1932, “Scientific 
methods for providing executive departments a quantitative basis fOT dedsions regar- 
ding the operations under their control.” 

7. “OR is the art of winning was without actually fighting" is obviously a 
definition in the context of Warfare alone. 

S. “OR is the art of finding bad answers where worse would be expected" is 
more a proverb, though a good one, than a definition. 
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latrodnctioa 

The study material deals with the following two segments of the syllabus on 
operations research and statistical analysis and is, therefore, correspondingly divided 
into two parts : 

1. Use of statistical techniques in O.R. 

2. Statistical evaluation of alternative programmes and projects. 

(The student is advised to revise his Inter. Stat. studies.) 

Part 1. Regarding use of statistical techniques, two foremost areas of O.R. 
have been covered, these being inventory control and queuing theory. It is being 
left to the student to note for himself other applications of the statistical techniques 
in the following study materials This, however, does not exhaust the areas where 
these techniques can be prohlably employed or even sometimes are absolutely 
essential Nevertheless a fair deal of their application of inlerest to an accountant 
has been covered. 

As against the 19th century of classical mathematics this is the age of prob- 
ability and statistics. Their application, in general as well as in O R in particular, 
is bound to grow exponentially, A sound grounding in statistics is, therefore, a 
necessary pre-requisite for understanding and applying O R, in practice, if not con- 
tributing to the development of the state of art. As a matter of fact, O R has mainly 
developed at the hands of mathematicians and statisticians and to a lesser extent 
engineers and economists. There arc many “gaps”, e.g., costs m inventory control 
where the accountants could bear their expertise. 

As a note of caution, the treatment of inventory control and queuing theory 
is not at all exhaustive. Only areas of extensive application of the statistical techni- 
ques have been selected and treated m a rather elementary way. These should provide 
an insight into labyrinths of O.R. 

Inventory Control 

Inventory management has emerged as one of the most important, yet 
preplexing tasks faced by modern managers The investment in inventories for 
most firms is substantial. Many companies have as much as 10 to 25 per cent or 
more of their assets committed to inventor) Even more troublesome is the fact 
that inventories are often the least stable and difficult to manage type of assets. 
Fads, styles, technological change, and so on, all serve to make part or even all of 
an inventory obsolete. Soaring interest rates have substantially increased the cost 
of maintaining inventories. Thus, the problem of inventory control has become 
even more significant. 

Inventories : Their functions. 

Most companies carry inventory in one form or the other. Since the 
manufacturing industry is the most complex of all the organisations concerned with 
inventory control, we may classify inventories in its context, into the following 
categories. 
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1. Finished goods, 

, 2. Subassemblies and manufactured components, 

1 3. Raw materials and purchased parts. 

The basic function performed by inventory, as indicated earlier, is that of 
lecoupling the production from customers and vendors, and, in more general terms, 
lecouphng the various work-centres so that they can be operated independently with 
iushions of stock in-betwcen. This leads to considerable simplification of otherwise 
'ery complex organisation for manufacture, and reduces the co-ordination eflfort. 
fluctuations in demand or consumption can be absorbed substantially by building 
bp stock during slack periods and depleting these during peaks, thereby maintaining 
undisturbed production and stable employment rates. Also, inventories may have to 
be built to meet special sales, viz., for Christmas etc. 

[ Larger lots (Synonymous with batches in the context of the subject) of 
Inventory may be procured to take advantage of discounts on bulk purchases or to 
lake advantage of favourable market speculatively or to keep shipping costs m 
balance. Buying larger lots would entail less orders and, therefore, less clerical costs 
pnd also help in meeting the delivery dates for the long leadtime items. This applies 
|o goods produced within the works itself also. Less orders, as a result of larger lots, 
iwould entail less machine set-ups and other associated expenses. 

An organisation has to deal with several customers and vendors who arc not 
lecessarily close to the works. Inventories have, therefore, to be built to cover at 
east the requirements during the transit time. In actual practice, an organisation 
oes face competition as well, and early and timely deliveries can fetch more goodwill 
nd orders. This may be nsured by stocking the goods at the finished or appropriate 
Intermediate stages depending upon the intensity ot the competition and internal 
capabilities. 

On the other side of the ledger, inventory involve an expense and are nett far 
iway from cash in liquidity. The capital could be usefully employed m other 
iientures as well. Also, with high stocking there is always likelihood of obsolescence 
nd several otber costs which we have discussed below elaborately. Thus the basic 
roblem of an inventory policy would be to strike a balance between the costs of 
tockholding (synonymously, inventory-carrying) and the relaxation achieved in co- 
irdmation and enhancement of service to the customer. 

auses of poor Inventory control 

1 . Overbuying without regard to the forecast or proper estimates of demand 
hen a shortage occurs or the market is temptingly favourable. 

2. Overproduction or early production of goods even before the customer 
quires them. Also, in an endeavour to keep equipment loaded stocks may 
cumulate. Unused portions of the materials drawn from the stores may be held 
the works with the result that when a shortage occurs a batch is pushed through 
rlier than otherwise would have been the case. 

3. In an endeavour to keep the inventories low, the fast-moving and the 
wmoving stocks may be indiscriminately suppressed. This would result in (lower 
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inventory of slow-moving items than needed and) higher stocks for the fast-moving 
items than needed. 

4. To provide better service to the customer there is always the tendency of 
the sales department to have inventories. Production department may also be 
interested m longer runs to cut down production costs. 

Besides the above causes which are more or less controllable, stocks may 
also arise owing to cancellations of orders and minimum quantity stipulations by 
suppliers. 

Inventory costs 

The broad objectives of any inventory control system arc to minimise 
inventories and provide reasonable service to the customer. These resolve into the 
following couple of trade-offs and parameters. 

Inventory level versus acquisition 
cost, 1 e., cost of procurement/set- 
up for bought-outs and made-ins 
respectively. 

Inventory level versus service to 
the customer or conversely dis- 
service to the customer that 
leads to loss of goodwill and, 
therefore, monetary loss. 

The costs entering into inventory control decisions may then be categorised 

as : — 

1. Stockholding costs (both for how much and when to order) 

2. Procurement/Set-up Costs (for bought-outs and made-ins respectively) 

3. Shortages Cost (i.e., dis service to the customer). 

(A) Stockholding Costs : The stockholding costs arise on account of 
maintaining the stocks and the interest paid on the capital tied up with the stocks. 

Let us look more closely at the components comprising the stockholding costs. 

(i) Cost of money or capital tied up in inventories* : Money borrowed from 
banks for holding inventories may cost anything between 10 and 15%. But it is the 
usual practice to view the problem in a slightly different way, that is, how much the 
organisation would have earned, had it invested the capital on an alternative project, 
e.g., developing a new product or to buy new equipment, etc. Owing to this it is 
considered that the cost of the tied up capital may be taken somewhere in the region 
of 15 to 20% a year of the value of the inventories. 

(ii) Cost of storage space : This would obviously depend upon the volume 
to value ratio of an item - the extremes, for example, being moulded packing piece 
made of foamed polystyrene (with a very high volume to value ratio) and gold 

*when expressed m%age of the stock value it is known as carrying charge. 


How much to order ’ 
i.e. 

Order Size 


When to order? 
i.e. 

Reorder level. 





^trines or a sparkling diamond. Typical values obtaining in metal working and 
Jher industry may vary from I to 3%. Besides space expenses this will also include 
eating, lighting shelves and expenses of any other atmospheric precautionery 
neasures. Regarding these costs there is an argument that if there is unoccupied 
mce what does it wst to fill it ? The answer to this lies in that if the store is 5U% 
or less) full it can be rented or some other activity undertaken e.g., assembly work 
^ith or without partitioning the store. If it is around 75% full it is near the 
Dtimum because bulk of the space Is being utilised towards the intended purpose 
of storage and the rest of the space is sufiScient as a congenial atmosphere for the 
itorcs staff Beyond 75% the store becomes congested resulting into protracted 
man/material movements and/or difficulty in searching for the right materials. 
Linear relationship between space requirements and its cost is usually taken as an 
approximation. 

Damage and Deterioration : Some items are subject to deterioration, e g , 
canned foodstuff and others may require precautions and protection, chemicals may 
require dust and cans rust-proofing. Fragile items, e g , crockery are liable to 
damage. The perishables would be withdrawn of FIFO (first in and first out basis) 
and wherever a new delivery arrives this may call for physical replacement of the 
perishables already in the stores. Such handling is likely to require more space 
than the case would have been ordinarility. 0-2% of the stock value may be lost 
owing to damage and deterioration. 


Pilferage : It would depend upon the nature of an item. Valuables are 
more tempting, an example being gun metal bushes or special, expensive tools. On 
the other extreme there is a little possibility of a heavy casting or forging being stolen 
The former category, i.e., valuables may have to be kept under lock and key under 
the custody of the storekeeper and the latter may be “dumped” often in stockyards. 


Obsolescence : It depends upon the technological state of art in the 
manufacture of a particular material Transistor and computer components are 
liable to be fast outdated. In other cases, however, design changes, e.g, for a motor, 
cycle may lead to obsolescence of some components. It is possible in this case, at 
least, to quantify the %agc loss bwause of obsolescence. Past write-offs and the 
inventory levels could provide the arithmetic data for such a computation. 

Insurance : Most firms get insurance cover and 1 to 2% may be taken as the 
representative percentage. , 


Typical overall costs are given 

below. 

Cost of capital tied up 

10 to 15% 

Storage space 

Ito 3% 

Damage and deterioration 

1% 

Pilferage and precautions 

17 . 

Obsolescence 

around S% 

Total 

around 20% 


Example : If the average stock during a year is Rs. 50,C00 the stockholding 

2n 

cdtts, 1 being 20% etjual SO.TOO x Rs. 10.000. 
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inventory of slow-moving items than needed and) higher stocks for the fast-moving 
items than needed. 

4, To provide better service to the customer there is always the tendency of 
the sales department to have inventories. Production department may also be 
interested in longer runs to cut down production costs. 

Besides the above causes which are more or less controllable, stocks may^ 
also arise owing to cancellations of orders and minimum quantity stipulations byj 
suppliers. 

Inventory costs 

The broad objectives of any inventory control system arc to minimise 
inventories and provide reasonable service to the customer. These resolve into the 
following couple of trade-offs and parameters. 

Inventory level versus acquisition 
cost, 1 c.,cost of procurement/set- 
up for bought-outs and made-ins 
respectively. 

Inventory level versus service to 
the customer or conversely dis- 
service to the customer that 
leads to loss of goodwill and, 
therefore, monetary loss. 

The costs entering into inventory control decisions may then be categorised 

as : — 

1. Stockholding costs (both for how much and when to order) 

2. Procurement/Set-up Costs (for bought-outs and made-ins respectively). 

3. Shortages Cost (i.e., dis service to the customer). 

(A) Stockholding Costs : The stockholding costs arise on account of 
maintaining the stocks and the interest paid on the capital tied up with the stocks. 

Let us look more closely at the components comprising the stockholding costs, 

(i) Cost of money or capital tied up in inventories* : Money borrowed from 
banks for holding inventories may cost anything between 10 and 15%. But it is the 
usual practice to view the problem in a slightly different way, that is, how much the 
organisation would have earned, had it invested the capital on an alternative project, 
c.g., developing a new product or to buy new equipment, etc. Owing to this it is 
considered that the cost of the tied up capital may be taken somewhere in the region 
of 15 to 20% a year of the value of the inventories. 

(ii) Coat of storage space : This would obviously depend upon the volume 
to value ratio of an item - the extremes, for example, being moulded packing piece 
made of foamed polystyrene (with a very high volume to value ratio) and gold 


How much to or^er'’ 
’.e. 

Order Size 


When to order? 
I e 

Reorder level. 


tlwhoi expresMd Ui%bcb of the stock value tt is known as carrying charge. 



^atrings or a sparkling diamond. Typical values obtaining in metal working and 
other industry may vary from 1 to 3% Besides space expenses this will also include 
heating, lighting shelves and expenses of any other atmospheric precautionery 
measures. Regarding these costs there is an argument that if there is unoccupied 
space what does it cost to fill it ? The answer to this lies in that if the store is SU% 
(or less) full it can be rented or some other activity undertaken e.g., assembly work 
with or without partitioning the store. If it is around 7S% full it is near the 
optimum because bulk of the space is being utilised towards the intended purpose 
of storage and the rest of the space is sufficient as a congenial atmosphere for the 
stores staff. Beyond 75% the store becomes congested resulting into protracted 
man/material movements and/or difficulty in searching for the right materials. 
Linear relationship between space requirements and its cost is usually taken as an 
approximation. 

Damage and Deterioration : Some items are subject to deterioration, e g , 
canned foodstuff and others may require precautions and protection, chemicals may 
require dust and cans rust-proohng. Fragile items, e g , crockery are liable to 
damage. The perishables would be withdrawn of FIFO (first in and first out basis) 
and wherever a new delivery arrives this may call for physical replacement of the 
perishables already in the stores. Such handling is likely to require more space 
than the case would have teen ordinarility. 0-2% of the stock value may be lost 
owing to damage and deterioration. 

Pilferage t It would depend upon the nature of an item. Valuables are 
more tempting, an example being gun metal bushes or special, expensive tools. On 
the other extreme there is a little possibility of a heavy casting or forging being stolen 
The former category, i.e., valuables may have to be kept under lock and key under 
the custody of the storekeeper and the latter may be “dumped” often in stockyards. 

Obsolescence : It depends upon the technological state of art in the 
manufacture of a particular material Transistor and computer components are 
liable to be fast outdated. In other cases, however, design changes, e g, for a motor, 
cycle may lead to obsolescence of some components. It is possible in this case, at 
least, to quantify the %age loss because of obsolescence. Past write-offs and the 
inventory levels could provide the arithmetic data for such a computation. 

Insurance : Most firms get insurance cover and 2 to 2% may be taken as the 


representative percentage. 

Typical overall costs are given below. 

Cost of capital tied up 

10 to 15% 

Storage space 

lto3% 

Damage and deterioration 

1% 

Pilferage and precautions 

1% 

Obscdescence 

around 5% 

Total 

around 20% 


Example : If the average stock during a year is Rs. S0,C(X) the stockholding 
coSits, 1 being 20% equal 50,000 x ToJT* 9m, 10,000. 
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(li) Procurement Costs : As the student is aware through the study of Cost 
Accounting these consist ot two major components • Ordering ano receipt costs. 

Set up Costs : Analogous to procurement costs for bought-outs are the 
set-up costs for the goods to be made within the works. For the roade-ins there will 
be machine set-up costs and scheduling costs as against the requisitioning, ordering 
»nd expediting costs for the purchased goods. 

Related to the procurement costs are the quantity discounts which are 
generally quoted in terms of price breaks. Sometimes they may be offered in indirect 
lorm, e.g , deferred payments, free goods, gifts or allowances. These basically arise ( 
because of the advantages of manufacture of larger Jots accruing to the suppliers. 
The acquisition costs may not bear any simple relationship to the number of orders 
placed More than one stock item may be ordered on one set of documents. The 
clerical staff is not divisible and without existing staff increasing or decreasing there 
may well be considerable scope for changing the number of orders. Nevertheless, 
to the tirst approximation it may be possible to represent the acquisition costs by a 
straight line. In some situations, linear costs relationship may be inadequate and 
a quadratic or a step function may be more desirab'e Setting up costs for machines, 
however, can be determined fairly accurately. 

(C) Shortage Costs : These arc usually hard, though not impossible, to 
measure and quantify Service to the customer is, therefore, expressed in number 
of shortages m several manners 

As discussed above the inventory control problem usually resolves into the 
following couple of questions for each item. 

1. When to order ? 

2. How much to order ? 

When to order. This question is related to the leadtime of an item. Lead- 
time may be defined as the time interval between the placement of an order and the 
receipt of goods against it. it may be the replenishment order on an outside party 
or within the works. There should be enough stock for each item so that when a 
replenishment order is placed the customers’ orders can be reasonably serviced from 
this stock until replenishment. This stock level, known as reorder level has 
therefore, to be determined for each item. 

It is derived by compromising between the expenses of maintaining these 
stocks and the disservice to the customer if his orders are not filled in due time. 

How much to order. Placement of an order, receipt of goods against it 
and the formalities of closing the order are an expense to the company. These may 
be called acquisition costs associated with each order. These expenses considered 
alone would call for as few orders as possible (or equivalently and invenely) orders 
of large sizes. But large size of orders would imply stocking and, therefore, high 
inventory carrying costs consisting of storage space they occupy, insurance charges, 
interest on the capital invested on these extra stocks, etc. This question of how 
much to order is solved by compromising between the acquisition costs and 
inventory carrying costs. 

Roptine operation of the inventory control system would be conducted on 
the basis of tbese decision rules of the reorder level and the batch size i.e., number 
pf onien. There are quite a few operating policies, Baaically they depend upon 
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the demand characteristics. Consider a television set as an example. The future 
demand of the television sets of diflerent models assembled by an organisation may 
be ascertained by forecasting. Exponential smoothing method is one ot the most 
useful forecasting models. The demand of the television sets emanates fjom the 
market directly and is not dependent upon demand of any other item. It may 
therefore be called independent, in contrast to that of the various components 
which go into assembly of the television models. The demand of these compo- 
nents is obviously dependent upon demand of the television sets and may be 
simply and arithmetically computed from the latter. This arithmettc computation 
of dependent demand is called explosion of the production or assembly programme 
of the independent demand of the end products, television sets here. The catego- 
risation of demand : independent and dependent is crucial in choosing the appro- 
priate inventory control policy for an organisation. There is a case of mixed 
demand of the spares. The demand for the spares may emanate directly from the 
market, but, they may also be required in the assembly of the end-product. Hence 
the demand of such spares is partly independent and partly dependent. 

The dependent demand, as mentioned above, is derived by explosion of the 
production programme of end-products. We shall leave the discussion on dependent 
demand here, because it can be ascertained by simple, though, enormous 
arithmetic. 

The independent demand is usually ascertained by extrapolating the past 
demand history, that is, forecasting. The reorder level can be fixed from the fore- 
casts and the leadtime. Whereas m the case of dependent demand simple arithmetic 
computations were enough to ascertain requirement of the components, in the case 
of independent demand items statistical forecasting techniques have to be employed. 
The reorder level (ROL) is fixed statistically mainly. Fixation of ROL forms the 
basis of this section on inventory control. The following family tree should give 
an idea of the various inventory control policies. 


Demand 

I 


Independent Dependent (Requirements Plan- 

(Statistical Inventory ning) Arithmetical Explosion of 

Control Systems) demand. 


Fixed order 
Size Systems 
(fully discus- 
sed in this 
section) 


Periodic Review Systems (discussed briefly) 
(more or less similar to the 
Fixed Order Size System 
with regard to setting the 
two decision rules) 


— — ■ — “> 

Fixed Order Cycle System Mini-max. System 
^ « 

Order size varies, items are reviewed 
for ofder placement at fixed interval : 
one month, one quarter, one year, etc. 
Stock levels are fixed somewhat in the 
nMonar o( Nttias ROL. 



Here in this study, however, we shall discuss mainly the fixed order quantity 


system. 


Fixed order quantity system : The system is depicted m Fig. 1. 

When the stock (being continually depleted by the customers' orders) reaches 
the reorder level (abbreviated as ROL) an order of fixed size, q is placed. The time 
interval between the placement of an order and receipt of deliveries against it is 
called the leadtime In the figure, the time elapsing between the event A of 
placement of order and the event B of receipt of deliveries of size q is the leadtime. 
CD gives another leadtime. Leadtime is usually variable and possible to be 
described by standard or an empincal probability distribution It may, however, 
be treated as constant for certain analytical expositions. The ROL is so fixed that 
the customers can be “reasonably” served from this stock until the replenishment 
of size, q arrives against the order placed So the problem of “when to order” 
reduces to fixing the ROL with the operating policy that as the stocks cross this 
level an order is placed (on a vendor or within the works ; of which size is 
predetermined and fixed). 



Fig. I 

Fixing the Reorder Level : l\ie sXxidcnt h&i hid introduction to the expo* 
nential smoothing method for demand/sales forecasting during the Intermediate 
Statistical Course. He may also refer to appendix I of this study. It may be 
recalled that this method is particularly suited for short-term forecastings, 
especially when several hunj^reds or thousands of items are involved (eg ,ia manu- 
facturing or warehousing situations) and especially, again, in computerised applica- 
Forecasts derived by this method for the next month or week as such are 



of no direct interest. The interest lies in extending this monthly or weekly forecast 
over the span of the leadtime. If, for example, leadtime is 3 months we would 
have to accumulate the next 3 months’ forecasts in order to compute the forecasted 
leadtime demand (synonymous) with working stock and hx the reorder level 
therefrom, as below 

R.O L.=Leadtime demand+Safety Stock. 

It should further be noted that the forecasts of the months encompassed by 
the leadtime are to be accumulated, e.% , if the leadtime is 3 months and the fore- 
casts of these three months may be 85, 45 and 95. Such would be the case with 
demand affected by seasonais. Similarly forecasts may be 50, 55 and 60 in the 
case of the linear trend. The simple rule for computing the Leadtime demand=> 
leadtime X monthly forecast would, therefore, be valid only in the case of the 
demand pattern depicting no trend and seasonal variations which is an exception 
rather than the rule in practice. 

For calculating the R.O.L. all the three variables : leadtime, forecasts and 
safety stock have to be ascertained for each and every item in stock. We shall 
defer the discussion on the safety stock to a later section. 

Periodical Forecasts : Periodical (monthly, weekly or daily) forecasts may be 
derived from the exponential smoothing model for each and every stock item. The 
exponential smoothing model may be the simple or elementary one if the demand 
of an Item depicts no trend or seasonal variations, but this is rarely the case in 
practice. Trend is always likely to be there and it may, therefore, be necessary to 
incorporate the trend factor in the exponential smoothing model. Not many 
items are affected for their demand by seasonal variations. Where, however, 
seasonal variations are significant e g., the sales of ice cream the model; would be 
further extended to take account of this. In every period, therefore, the forecast 
would be raised for each stock item by one of the following exponential smoothing 
models : — 


1. Simple with stationary demand. 2. With trend component. 

3. With seasonal factors. 

The smoothing coefficient may be between 0. 1 and 0 3 for different patterns 
of demand. Items with a more or less stable demand would be put on a low value 
of a close to 0.1 and those with highly fluctuating demand have a close to 0.3. The 
student may recall that value of a determines the magnitude of adjustment to 
be made to the previous forecast upwards or downwards in the light of the forecast 
error which is the difference between the actual demand that has materialised and 
its forecast. 

Symbolically, 

Error, «<_,), where j’t is the latest demand. 

ut~i IS its forecast a period earlier. 

or 

But there is always a possibility that the pattern of demand hitherto more 
or less stable starts flifbtuating because of. say, certain market changes, consumers 
behaviour, etc. The model should, theref<^» be so designed that it can switch over 
from one value of a to another depending upon the behaviour of demand. Such 
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models are called adaptive models because they adapt the changing pattern of de- 
mand by suitably changing the value of a. Thus a gigantic forecasting complex is 
in operation that not only takes into account the declining or growing trend and 
seasonal nature of demand but also discriminates between stable and fluctuating 
behaviour and adapts itself suitably. The matter, however, does npt end here. 
Monthly forecast is just one variable in the ROL equation stated above. The fore- 
casting period such as month has to be determined suitably. This again depends 
upon the demand behaviour Longer period entails less computational task ot fore- 
casting. But too long a period may miss important changes m the demand behaviour. 
The compromise has to be struck between the computational time and expenses on 
the one band and tracing the demand behaviour precisely on the other. This may 
tend to be a complicated matter and simulation may provide the right solution. 
Quite often, however, the forecasting period it fixed arbitrarily as a convenient unit 
of time, quarter, month, week, etc. Nevertheless, even in this arbitrarily choice 
underlies the aforesaid intuitive compromising. The forecast period should never be 
longer than the leadtime. 

Leadtime is simply the time interval between the placement of an order and 
receipt of goods against it. The leadtime may not be constant and is usually not 
so. For one batch of stock keeping item a vendor may take 45 days and for the 
next 50 days and so on. Leadtime itself is, therefore, a stochastic variable. This 
complicates the problem of accumulating the forecasts over the period encompassed 
by the leadtime. Leadtime may also be forecasted exponentially as is done with 
demand. Many theoreticians have ignored the problem in view of the mathematical 
complications involved and either assume it to be constant or use its expected value, 
or any reasonable value. 

Safety stock : Leadtime demand (forecasts accumulated over the periods in 
the leadtime) is the stock level, which on the average, is sufficient to fill customers 




orders as the stocks are being replenished, “On the average” would mean here that 
during this period of replenishment 5U% of the customer’s order can be hlled and 
the rest 50% may either be refused or backordered” to be filled later. The reason 
for this IS obvious. Forecast after all is a point of estimate only. The actual demand 
that materialises may either be more or less. In the former case of demand being 
greater than the accumulated forecasts, the customers would not be serviced. In the 
later case of demand falling short of accumulated forecasts overstocking would occur. 
When these two variables: stock level and service to the customer (suitably quantified 
are summed up over thousands of stock items in an organisation it becomes a major 
policy decision for the management to find the acceptable compromise between the 
two. Where the ROL=: leadtime demand as mentioned earlier, only 50% of the 
orders are expected to be serviced during the replenishment period. This may not be 
acceptable to the management who may wish to limit the “disservice” to the custo- 
mer down to 5% or 10% at the cost of extra-stocking. This extra-stock in excess of 
the leadtime demand is called the safety stock. Safety stock may be expressed as a 
percentage of the leadtime demand or as. for example, one month’s demand. It may 
again, either be computed precisely as discussed below or set arbitrarily and intui- 
tively with the aforesaid considerations in mind. The safety stock is also called by 
other names such as buffer stock, cushion, etc. The stock depletion diagram given 
earlier is suitably amended in Fig. 2 : ROL as comprising two components ; lead- 
time demand and safety stock. Also more precisely, depletion is shown here to be 
discrete. 

Service to the customer : There are various measures of service to the custo- 
mer. And these may require definition and quantification[unique to a given organi- 
sation. Customer’s reactions to the order not filled promptly may vary considerably 
depending upon the type of the item, his needs, its availability elsewhere, possibility 
of substitutes and so on and so forth. Some customers may therefore, be willing to 
wait, others may cancel the order, still others may cancel the orders for even the 
goods available but jointly ordered with the one not available. And a few of the 
customers may abandon the organisation for future needs even. 

Computations for the safety Stock : The following figure shows the actual 
demand by the full lines and the forecast demand by the dotted lines m a hypothe- 
tical case. 

As argued earlier, if the demand exceeds the forecast the situation 

would result in bad service to the customer. If the demand falls short of the fore- 
cast (y(<w<-i) the consequence is overstocking depending upon the forecast error. 
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It is not unreasonable to suppose that the forecast error is normally distributed with 
zero mean in an appropriately designed forecasting model The student may take 
this assumption of normal distribution of forecast errors on faith. We would not 
enter into greater discussion on the topic lest he is lost in detail. If, therefore, the 
standard deviation of the forecast error is computed safety stock may be set with the 
desired confidence to result into not more than 5% or 10% shortages, etc. All (hat 
IS needed, then, is to record the data on the error and compute the standard devia- 
tion and finally calculate safely stock 

Safety stock may be fixed initially and then revised every period in the light 
of the latest forecast error. Revising the safety stock this way would entail compu* 
tation of standard deviation for every period which is quite cumbersome especially 
when thousands of items are being handled. There is another measure of spread, 
mean absolute deviation popularly known as MAD, which can be computed far more 
easily and. in fact, routinely exponentially smoothed every period for obtaining far 
more estimates of the safety stock, 

MAD also bears a fixed relationship to the standard deviation. For normal 
distribution 

MAD-= X S D. 

Now, .Safety Stock=Z. (S.D.) 

e=kxMAD where ^ 

and k is called the service factor 

Here again, the safety stock is for just one period and has to be extended 
over the lead time The necessary formula is given below : 

MADlt=*(0 659+0.341 LT). MAD. 

1 he formula has been derived by extensive simulation by a statistician and 
may be used for other situations as an approximation. 

Hence, R O.L.=Leadtime Demand+{0.659+0.341 LT). k.MAD. 

Just as safety stock is revised every period so can be leadtime demand. ROL 
therefore, is not fixed but changes in sympathy with demand. The stock depletion 
diagram 4 is the version of Fig. No. 2 modified in this regard. 

To recapitulate : The problem “of when to Order” is to be solved statistically, 
the policy being to place an order when the depleting stocks cross a level, ROL. It is 
therefore, required to fix ROL. 

ROL is split into two components : 

(/) Leadtime Demand and (//) Safety Stock. 

Leadtime demand is the accumulated forecast over the periods encompassed 
by the leadtime. Safety stock is added to ensure service to the customers at a level 
acceptable to the management. 

&fety stock is computed on the assumption of the normality of the forecast 
error distribption. Standard deviation of this distribution may be computed and 
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multiplied by Z or alternatively and more conveniently by computing MAD xk. 
MAD over one period is suitably projected over the leadtiroe for obtaining the safety 
stock. 



ROL may be calculated once a year or revised every period. In the latter 
case, It 18 called the floating reorder point. 

We discussed earlier the problem of adapting the forecasting model in case 
of changes in the demand behaviour But the problem of attuning the model to any 



TiMt 



Fig. 5 


abrupt changes in demand pattern was left out. This may occur, for example, if a 
competitor has shut down. By means of the adaptive element k will be increased : 
but if the changC'iis significantly more (or less) and lingers on, over-estimation or 
under-estimation of demand will continue to be made for quite some periods despite 
the change in the value of a. This is depicted above. 
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The student is familiar with fitting of Normal and Possion Distributions to the given 
data ; but these very distributions have frequently been found not to provide a good 
fit. There arc quite a few more, e g.. Gamma Distribution, Lognorma] Distribution, 
Negative Binomial Distribution, Gram Charlier Senes which are usually more appro- 
priate and worth trying. 

Once the data admit fitting of a standard distribution and the aforesaid rela- 
tionship between mean and standard deviation of demand has been established it 
becomes relatively easy task to set ROL by the following steps. Just suppose that 
Normal Distribution provides the right fit 

(i) Pind the mean demand for each item periodically, say, after every 6 
monlbs, the period depending upon the stability of the average demand. 

(/') Derive S simply from the explored relationship. 

(ill) Seek management’s approval on tolerable percentage stockouts. 

(iv) Set ROL as below 

Leadtime Demand-=LTx Mean demand 

Standard Deviation of Leadtimc Demand = Vlt" x S 

ROL==LT X M+ V It X S X Z 

The same procedure may be adopted for other distributions The Icadtime 
has been taken as constant. This approach, however, even affords handling of the 
problems where leadtime is a stochastic variable wiih a known probability distribu- 
tion Several authors have evolved methods of handling different combinations to the 
Icadtime and demand distributions in setting ROL 

How much to order : In the fixed order quantity model considered above, 
the size of the order is fixed. Briefly, the order size or the batch size is determined 
on the following cost considerations : — 

If the annual requirement for an item is say, 1200 the entire requirement 
may be bought or made in the works, whatever the case is, in a single batch of 1200. 
This IS one extreme. On the other extreme, an order for one item each may be 
placed, which implies 1200 orders. There could be numerous (1200 in theory) inter- 
mediate possibilities of procuring the requirement of 1200 m 1, 2, 3, 4 1200 

batches. In choosing the batch size the following cost considerations enter into : — 

Cave /: Bought-out items : With every order placed on a vendor aie associa- 
ted the following cost components ; 

(j) Cost of typing and paperwork of the copies of the order. If the item 
has not been procured before there would be costs associated with floa- 
ting enquiries and screening the quotations. 

(«) On some items, there would be expediting effort by means of reminders, 
telephone calls, personal visits on the vendor’s works etc. This entails an 
expense obviously . 

(Hi) Upon receipt of the goods, there would be inspection on sampling 
or complete inspection basis. Goods receipt notes would be prepared. 
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stock records would be updated, veodor’s i&voScM would be processed. 
This, then, is another cost component. 


The aforesaid cost components when summed up may be calledlthe acquisition 
cost of one batch. It may be a difiQcult task to assess these components accurately, 
but the fact stands that they are incurred. It is estimated that m the circumstance 
obtaining in the Indian industry the acquisition cost per batch. typicaUy. may be 
from ks. 20 to 50. These are rough estimates, anyway. 

Let us assume Rs. 20 as the acquisition cost per order in the above ^-Tompu. 
of the annual requirement of 1200. The total acquisition cost for a few tetch a ires , 
for example, is given below :~ 

Annual requirement^ 1200, 


Orders, N/Yr. 

Batch size q=1200/N 

Total Acquisition 

1 

(1200/1)= 1200 

20 

2 

(1200/21=600 

40 

3 

etc. 400 

60 

4 

300 

80 

5 

240 

100 

6 

200 

120 

10 

120 

200 

12 

100 

240 

20 

60 

400 

100 

12 

2,000 

1200 

1 

24,000 


If we denote annual requirement by A the total acquisition ca8e=20N=20A/q. 
We can, then, say that the acquisition cost vanes mverselywith the batch size— the* 
greater the batch size the less the acquisition cost and the smaller the batch size the 
more the acquisition cost. 

Now, according to the acquisition point of view alone the batch size should 
be as large as possible and 1200 in our example. But maintaining such a large stock 
would obviously be expensive in that it requires more storage space, it is liable to 
obsolescence, would require more insurance charges, but, above all would tie up 
capital. Interest would have to be psud- From inventory carrying point of view, 
therefore, the batch size should be as small as possible. Inventory carrying cost is 
then, directly proportional to the batch size, the larger the batch size, the more the 
inveatory*carrying cost and the smaller the batch size the less the inventory carrying 
costs. 

Therefore, compromise has to be struck between ai^uisition costs and 
inveotory*carrying costs, i e., the batch size is to be determined in sucii a manner as 
minimises the sum of the inventory carrying and acquisition costs. This batch siza is 
called the economic order quantity. As we shall point out elsewhere also, the math^ 
matical model from which the economic order quantity (E.O.Q.) is determined is a 
highly controversial model, mainly, from the point of view of t^ great difitenlty in 
not only measuring but even precisely defining the aforesaid cost components in a 
given situation. This indeed may be an interesting topic for an accoumant and the 
intenatcd reader is referred to 'Production & Inventory Control* by Magee and 
Boodmnn for n thoron^ treatment of this aspect. 
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Case II : Made-tn Items : Analogous to acquisition costs are tbe set up costs 
if a particular batch is made by the company itself. There would be costs of docu* 
mentation to be supplied to technician, cost of progressing the batches, cost of 
updating stock records etc., and more, importantly, the time (and therefore cost) 
expended in setting up the machines for performing the necessary operations. From 
mathematical point of view, therefore, it is immaterial whether an item is a 
bought'out one or made- in one. The acquisition cost may be taken as the pro* 
curement cost for the bought-outs and set up cost for the made-ins. 

Aaanmptiona and mathematical derivation 

As mentioned earlier in the chapter the stock items may have to be manu- 
factured or purchased in quantities greater than the immediate requirements in 
order to compromise between the acquisition and inventory carrying costs. The 
stock fluctuation in the problem under consideration may be depicted as below. 
There is no reorder level. This implies an assumption that the leadtime is zero, i.e., 
items can be had instantaneously. Further assumptions in modelling are noted 
hereunder : 



Fig. 8 

1. Demand is deterministic, /.e., known and uniform, say, the annual 
requirement. 

•2. Replenishment leadtime is zero. 

3. Replenishment size is constant, say q. 

4. No shortage is permitted, i.e., the replenishment of the size a is made 
the moment tbe stock falls to zero level. 

5. Acqinsition and stockholding costs are known. 


♦For the case when leadtime is non-zero, the model is amended in a later section. 
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6. Acquisition cost is linearly related to the no. of orders/year, N, i.e., 

— = No. of orders, 

7. Stockholding cost is linearly related to the size of batch, q. 

Let acquisition cost/order (Procurement cost for bought-outs and 
set-up cost for made-ins). 

C/=inventory cost/unit/unit time (/«»rate of return). Cost variations for 
this mode) are depicted in the diagram below 



Fig. 9 

Average stock =» |' 

Inventory carrying cost «=» CL ^ 
No. of orders per year => — 
Acquisition cost 


Total Cost T = Cl-^JfCa. 

2 q 



9o IS then the optimal batch size or E.O.Q. 


... (0 
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Now T«C/|-+Cd-^ 

Substituting for 

C (^„)- \'2AaCa 

This gives the optimal total cost. The student must be careful in that this 
formula can be used to compute optimal total cost. For non-optimal batch ftyfru 
equation (0 of page 19 would be used. See example 4 of p. 24. 

It was mentioned elsewhere that the model is highly controversial. It is not 
only difficult to measure but even to dehoe precisely the components of I and Ca, 
The model is further criticised for the host of assumption made above. 

The most serious objection to the model is that demand may be noo' 
uniform. There exist dynamic E.O.Q. versions for this situation. These are 
beyond oar scope here, however. 


Yet the mode! has been succeisfuUy modiSed in various ways and b\ 
various theoreticians by removing one or more of the above assumptions. 

Some authors ba ve successfully circumvented the computation of these costs 

every Item and compu(ingEO.Q’sindividua/Jv /hi”if«-^^ and 

gementto manipulate betvveen sfoS ^ mana- 

tbe number of orders). and acquisition costs (represented by 

.tong. .paK «,a«raia„, by a,. iwamaal aSS/of 

picte <|taS,?;?„,“ S'" “¥ 

4 to S'de!?p,S°5 US 

(0 Acquisition Cost 

(*) Jnventory.CarryiDgCost 

(ft’O Shortage (disservice) Cost 

two pairs”:! --‘'-‘^-pproach was to have 

«)'^rj;;rco,?y" rr 
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!•=< 


Holding costs=iX 49 X 

Total cost > 3 


X 0.25-1 53i 


Y : goc 


|2\27X 18^3^ 


f22_ 

100 


X3 


Let us try the values 35 and 37 respectively 
(j) Ordering Cost =13.886 
Holding Costs=rl 3 .l 2 S 
Total Costs =-27. 01 1 

Ordering Costs -=12 135 
Holding Costs— 13 S75 
Total Costs=27 010 
With E O Q., total cost— 27 

Example 2 ' 

Calculate the E O 0 . m units and total variable cost for the following items, 
assuming an ordering costs of Rs. 5 and a holding cost of 10%. 


00 


Item 

Annual Demand 

Unit Price 

Rs, 

P 

800 units 

0.02 

Q 

400 units 

1.00 

R 

392 units 

8.00 

S 

13,800 units 

0.20 


Solution ; 


qo-- 


f2ACa 

Cl 


C(90)= V2C„CI 


Item 


P: qo= 1 2 X 800 X 5 


100 


xO.02 




000 

t02 


= 2,000 


C{qo)^ 

Item : Q : 90= 


2x800x5x-jJi x0.02=Rs. 4 


12x400x5 


10 

100’ 


=200 


Xl.OO 


^90)=^ yj 


2X400X5X xl -Rs. 20 



C(qo)^ J 2x392x5 X ^x8=Rs.56 


=70 

\ 100 ^ 

C(«i>)- J2x392x3x -|^x8=Rs.56 
S:».- 

CCta)-^ J 2x]3,mx5x ^x0.20=Ks. 52.54 


S :ao= 


.800X 5 


=2.627 


E*»mplm 3 ; 


For the above example, compute the E.O Q. in Rs. and years of supply and 
the E.O.Q. frequency for each of the four items. 

E.O.Q., in Rs.?: 2000 x 0,02=40 

Q: 200x1=200 

R: 70x8=560 

S : 2627 X 0.20= 525.4 

2000 

Years of supply P ; year 

Q:^-^»0.5 years 


R : j^=O.I79 years 


Economic Ordering Frequency—^ 5 orders per year 

=2 orders per year 


Q-jp^=5.6 orders per year 


~jg=5.26 orders pet yw 





H 


B 0 Q and ,ha .Ota. for ^'o™* - 
^ ' 0=25 units 


Annual Demaud 
Unit Price 
Order Cost 
Storage Rate 
Interest Rate 
Obsolescence Rate 


=2.50 
=:Rs. 4.00 
==1% per year 
--=12% per year 
=7% per year 


Obsolescence Rate /« variable cost that would rcsi 

(b) Compute the order q«f ‘'^y 
for the Item if an incorrect price of Rs. • 


Solution : (A) 

1=1 + 12-1-7=20% 



\ 

f 2XJ5X4 ^20 

~-^---x2 50 

' lOU 



2x25%x |^x2.50=Rs. 10 

(PJ 


[ 2x25x4 non~:>ptimaI size, 

~,XI60 

100 

2S 

Ordering cosf=jjX4=Rs 4 


1 20 

Stocking Cost = '2 x 25x — x2 50^=6 25 


Total cost =10 25 

Example 5 : 

Each item in an inventory of 100 items is ordered every six months. If the 
total annual demand for the inventory is Rs. 72,000 ; 

(i) How many orders are placed annually for all the items in inventory ? 

(ii) What IS Rs. investment in average operating stock for all items in 
inventory ; 

Solntion ; 


(i) Ordering frequency of 6 months is equivalent to 2 orders per year. 
Tlierefore, the total annual orders for the entire inventory of 100 items=200. 

1 77 n/^ 

(ii) Rs. investmcnt= ~ x— — =18,000 rupees 


•For finding stocking cost correct price is to be used. A clerical error does 
not mean that atock value changes. 



TaUe A is used in computing the order sizes of 1128 items of inventoi 
detailed in Table B. Calculate the number of orders placed annually and tta 
average operating stocks. Table A is based on orcMng cost of Rs. 5.00 and 
bolding rate of 10%. 



Table A 


Table B 


s. 

No. 

Monthly Demand 

Rs. 

Order Qty. 
in month 

M 

Range of Monthly 
Demand in Ra. 

No. of 
items 

Value 0 
Monthly 
Demanc 

1 

Less than 16.68 

12 

Rs. 0— 16.68 

663 

3403 

2 

16.68- 40 00 

6 

16.68— 40.00 

123 

3959 

3 

40.01- 60.00 

5 

40.01— 60.00 

64 

3159 

4 

60.01-100.00 

4 

60.01-100.00 

72 

5833 

5 

100.01-160.00 

3 

100.01-160.00 

49 

6281 

6 

160.01 -240.00 

21 

160.01-240.00 

32 

6366 

7 

240.01-400.00 

2 

240.01—400.00 

44 

13,394 

8 

400.01-800,00 

U 

400.01-800.00 

37 

20,341 

9 

800.01— and above 

1 

800.01— and above 

44 

100,015 





JJ28 

162,753 


Solution : 


In given Rs. range each item is ordered times a year. Therefore, the 
total numbers of orders may be computed as below } 


S. No. 

No, of Items 

No. of Orders 

No. of Orders 



per item 

over the range 

1 


12/12=1 

663.0 

2 

123 

12/6=2 

246.0 

3 

64 

12/5=2.4 

. 153.6 

4 

72 

12/4=3 

216.0 

5 

49 

12/3=4 

196.0 

6 

32 

12/2i=4.8 

153.6 

7 

44 

12/2=6 

264.0 

8 

37 

12/11=8 

296.0 

9 

44 

12/1 =12 

528.0 


1128 


2716.2 


Let us denote monthly demand by Am. This is given by the last column of 
the question. 



Average 
Thus Av 


Investment for one 


investment for an 


,tem={-C. Nowr/=Atn.M 
ifein=-^ AmC 


Av investment for alJ items— AmC 


S. No 


1 

2 

3 

4 

5 

6 

7 

8 
9 


M/: 


I 


2 ^ 
AmC 


M/2 S AmC= In vestment 
Average in Rs. 


f, 

3,403 

20,418 

3 

3,959 

11,877 

2.5 

3,159 

7.898 

2 

5,835 

11,670 

1 5 

6,281 

9.421 

1.25 

6,366 

7.958 

1.0 

13,394 

13,394 

0 75 

20,341 

15,256 

0.50 

100,015 

50,007 



147,899 


Solved Example, set II 
Example 1 ; 

A company uses annually 48,000 units of a raw material costing Rs. 1.2 per 
unit. Placing each order costs Rs. 45 and carrying cost is 15% per year of the 
average inventory. 

(i) Find the E.O.Q. 

(li) Suppose that the company follows the E.O.Q. purchasing policy and it 
operates for 300 days a year, that the procurement time is 12 days and the safety 
•tock IS 500 units, find the reorder point, the maximum, minimum and average 
inventories. 


Solution : 


A^sAnnual Requirement«=48,000 units 
C^Unit Cost=R8. 1.2 
Gr»Acquisition cost/order Rs. 45 

1-0.15 


f 2Ca\ _ f 

Cl “v 
-4899 (Answer) 


2x45x48,000 

1.2x0.15 


= V' 24x10* 
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o • . j 48,000 

Requirement per day = =160, 

Leadtime demand 12 x 160 
-=1920 
SS=.500 

ROLc= 1920+500=2420 


Max. Inventory 
Min. Inventory 


=q+SS'=4S99 + 500= 5399 (Answer) 
=55=500 (Answer) 


Average Inventory +55= 


4899 


■500 


=2449+500 
=2949 (Answer) 

Example 2 ; 

The actual demand on a sample inventory system was 81% of the demand 
value used for calculating E.O.Q, which was increased by 10% to suit procurement. 
Find the % error in total cost as a consequence. 

(If you find It convenient you may use hypothetical values of annual require- 
ments, I, etc.) 

Solution : 

Let us use the following hypothetical data for the E.O.Q. that was calculated 
A= 12,000 units Ca=Rs. 12 

1=20% C=R8. 100 


E.O.Q. 




ZX 12 X 12,000 
IUOXO.20 


>120 


Actual order size after rounding off 


Theoretically correct order size 


no 

lOu 


X 120=132 


2xl2xl2,000x 


81 

loo. 


Increase in acquisition cos t> 


CaA 


100X0.20 

CaA' 


>108 


108 152 


,12xl2,OOo(iL_j^j)_R,.24i 
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Decrease in inventory carrying cost 

Clq Cfq' 

2 2 


20 132 


20 J08 

100 ^ 2 


=Rs. 240 


Net decrease=242— 240=Rs. 2 
Mm. total cost = V^ 2ACaCl 

2xI2xl2000x-^Xl00x-j^ 


=2160 


2 x 100 _,o. 

%ago increase approx. 

This shows that the total cost is hardly affected (or is not much sensitive) 
to minor variations m the batch size. This is because the total cost curve of figure 9 
18 rather flatfish at the bottom. 

Example 3 : 

A scrutiny of past records gives the following distributions for leadtime and 
daily demand during leadtime. 

Leadtime Distribution 




/ 
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Answer : 

(a) Computing average leadtime. 
Leadtime Frequency 


( 1 ) 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 


( 2 ) 

0 

0 

2 

3 

4 
4 
2 
2 
2 
1 

20 


Col IxCol 2 


0 

0 

6 

12 

20 A Av. leadtimea 
24 120^20=6 

14 
16 
18 
10 

120 


Computing average demand rate. 


Demand 

( 1 ) 

0 

1 

2 

3 

4 

5 

6 
7 


Frequency 

( 2 ) 

2 

4 

5 
5 
4 
2 
1 
2 

25 


Col IxCol 2 


0 

4 

10 

Av. demand rate=3 

10 

6 

14 

75 


11 

20 


.*. Average leadtime demand^ 6 x 3 b> 18. 

Max. leadtime demand-iMax. leadtime X Max. demand rate. 
-10x7=70 

Buffer stock (100% service level)— 70— 18— 52 (Answer) 
Emnple 4 : 

The following information is provided : 

Annual use is 24,000 units 
Ordering costs are Rs. 120 per order 
CarryiDg costs^re 20% 

Price of eadi item is Rs. 20 
Leadffme is 10 days. 
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There are 240 working days per year. Determine the E O Q. and orders 
per year In the past two years, the use rate has gone as high as 140 units per 
day. hor a reordering system based on the inventory level, what safety stock is 
required to protect against this higher use rate 7 What should be the reorder 
point at this safety stock level 7 What would be the carrying costs for a year ? 
Solution : 

Cu=Rs. 120 
A =24.000 


C=Rs. 20 
1=20% 
f2CaA’ 

■TT" 


, hCaA f 2 x 


126x24.000 


20 X 


20 

n®" 


No. of order per year* 


= 1200 . 

_ 24,000 
1200 


- 20 . 


Average usage — ^^ 240 ^ «■= 100 per day. 

Max. usage= 140 per day. 

Safety Stock ==(140- 100) X 10=400 units. 

Av. Leadtime demand=100x 10=1,000 units. 

ROL= 1000 + 400= 1400 units 

Inventory would fluctuate from a maximum of 1200 + 400= 1600 to a mini- 
mum of 400 units. 


Av. inventory 


1600+400 



2 


= 1,000 units. 


(<.... -5^2. +S.S.) 

Inventory carrying costs for a year= 

1000 x 20x(20%) 


Example 5 


=4,000 rupees. 


For a fixed order quantity system, find the E.O.Q., S.S., ROL. and average 
inventory for an item with the following data. 

A= 10,000 units 

C=Re. 1 Past leadtimes 15 days 

25 days 
1 1 days 
14 days 
30 days 
17 days 


Ca=Rs. 12 



31 


Soladon ! 


E.O.Q. 




2x lO.OOOx 12 
0.24 


■ 1,000 


S.S.=(Max. Icadtime— Normal leadtinjc)x monthly demand 


30-15 10.000 

30 ^ 12 


=•420 approx. 


(N.B. ; Leadtimes of 30 and 25 days are presumed to be exceptionally 
abnormal. Frotn the remaining 4 leadttojes the averagp is computed as 15 days for 
the normal leadtime). 


ROLwSS+Leadtime demand 

-420+ ii2^JB840 

. . E O 0 . „ « 

Average Inventory— — ^ — +S.S. 


1000 


+420 


<=920 (Answer). 

Example 6 : 

The average monthly consumption for an item is 200 units and the normal 
leadtime is one month. If the maximum consumption has been up to 250 units per 
month and the maximum leadtime is U months, what should be the buffer (safety) 
stock for the item if the item is controlled by F.O.Q, system. 

Max. leadtime demand = Max. leadtime X Max. demand 
.= ljx 250=375 

Normal leadtime demand =• 1 x 200 
-200 


S.S=375-200 

= 175 (Answer). 

Exercise 

A factory uses annually 24,000 units of a raw material which costs Rs. 1,25 
per unit. Placing each order costs Rs. 25, and the carrying cost is 5% per year of 
the average inventory. Find the E.O.Q. and the total inventory cost (including the 
cost of the material). 

The factory works for 320 days a year. If the procurement time is 10 days 
and safety stock 450 units find the reorder point, and the maximum, minimum and 
average inventories. 

Example 7 ^ 

An airline has determined that 10 spare brake cylinders will give them a 
stockout risk of 30% whereas 14 will ^uce the risk to 15% and 16 to 10%. 
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It takes 4 months to receive the cylinders from a Kanpur supplier and the airline 
uses an average of 4 cylinders per month. At what stock level should they reorder, 
assuming they wish to maintain an 85% service level ? 

Solution : 

Leadtime demand=4x4=16 units 
Safety stock for 85% service or 15% disservice =>14 
ROL«» 16+ 14=30 (Answer) 


Example 8 

Data on the distribution of leadtime for a pump component were collected 
as shown. Management would like to set safety stock levels that will limit the 
stockout risk to 10%. 


Leadtime (weeks) Frequency of occurrence 


ozi 

1Z2 

2Z3 

3Z4 

4Z5 

5Z6 

6Z7 

7z8 


10 

20, 

70 

40 

30 

10 

10 

10 


How many weeks of safety stock arc required to provide the desired service 

level 7 


Solution : 


Leadtime 

Frequency 

Prob. 

Cvan 

Col. 1 

Col 2 

Col 3 

Prob. 

OZI. (i) 

10 

0.05 

0.05 

1Z2. (H) 

20 

0.10 

0.15 

2Z3. (2i) 

70 

0.35 

0.50 

3Z4, (34) 

40 

0,20 

0,70 

4Z5, (44) 

30 

0.15 

0.85 

5Z6*,(54) 

10 

0.05 

0.90* 

6Z7, (64) 

10 

0.05 

0.95 

7Z8, (74) 

10 

200 

0.05 

1.00 
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Col. l%Cot. 2 
5 
30 
175 
140 
135 
55 
65 
75 

680 


Average Lcadtimea-^^ 

■=•3.4 weeks. 

Hence 6— 3.4==2.6 weeks of safety stock would provide the service level of 

90%. 

Example 9 : 

Demand for a product during an order period is normally distributed 
with mean 1000 units and standard deviation (cr)— 40 units. Whai% service 
can a firm expect to offer (a) if it provides for average demand only, fi) if it carries 
60 units of SS. 


Solation : 


(a) Without an SS 50% service would be provided, 
(i) 


•From the normal distribution tables, service levele=93.32%. 

Example 10 : 

A manufacturer of water filters purchases components in E.0 Q'l of 
850 nnits/order. Total demand averages 12,000 components/year and MAD=32 
unils/month. If the manufacturer carries a safety stock of 80 units, what service 
level does this give the firm ? 


Solation i 


S.D.= 


MAD 32 


0.8 


0.8 


=40 




„ S.S.-0 80-0 

S.t>. " 40 

From the normal distribution tables. Service level=»97.72% (Aauswer). 


Exorcise 1 : 

A firm has nonaally distributed forecast of usage with MAD«>60 units. 
It desires a service level which limits stockouts to one order cycle per year. 

(6) How much S& should be carried if the order quantity is normally a 

week’s supply 7 

vTlie student is urged to nuke himself fluent in ihejise of "Aiea Under Nwnal Cwve" 
table foe fladlog ptOMbfltty agidiM given Z and It is riven la the Appendix. 
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Tabii I -MoIAR AllSORBANCl AT PFAk WAVK I1N(.THS 01 IllFFLRfNT IONS 



Ec.ik \\ ivc 

Malar 


lcnt;lh 

absoibance 

Ion 

(ni/') 

«.n 

t u- 

20fi 5 

13 32 


XOO 

12 3 

Cu> - 

191 

4617 


710 

9S K 

t iiYH 

193 

4827 


74 S 

45 5 

Ni- 

400 

1 88 


715 

2 1 


1150 

1 95 


NiY- 

195 5 

6800 


380 

12 3 


590 

8 3 


975 

32 0 


1150 

16 7 

NiYH 

191 

4600 


380 

14 7 


590 

8 5 


980 

21 7 


1 1 50 

14 5 

Co- 

197 5 

97 6 


510 

4 8 


1150 

I 1 

CoY- 

19 3 5 

6800 


470 

13 13 


1085 

8 05 

CoYH 

193 5 

4120 


490 

15 5 


510 

15 8 


1085 

6 58 



Peak wave 

Molar 


length 

absorbance 

Ion 

( in/( ) 

Cn, 

t'uVlOH)' 

206 

53650 


750 

43 0 

CuV NHj- 

193 

7905 


7 30 

47 6 


NiYIOIl)' 

208 

16550 


390 

IS 5 


590 

8 0 


960 

20 0 


1010 

21 8 

NiY NHj- 

209 

17400 


375 

16 8 


590 

100 


965 

21 4 


1150 

12 7 


toV(Oll)’ 

207 

15150 


490 

15 7 


570 

16 4 


1 1 10 

6 2 

( oV NH,- 

208 

17300 


490 

16 3 


500 

16 7 


1085 

6 55 


and the value for log On agrees with that of Bennett and Schmidt (2 24) obtained 
in 1 M sodium sulphate solution 

The position oj H^O m the protonated and normal complexes 

Though it was generally believed by the earlier workers that the normal metal- 
EDTA complexes having high stability constants are completely dehydrated, 
Jorgensen'^"' assumes that m the normal nickel and copper-EDTA complexes one 
water molecule is present in the first coordination sphere Jt may be interesting to 
examine these views from the present studies 

M C Bennett and N O Schmidt, Tram Faraday Soc 51 , 1412 (1955) 

C K Jorgensen. Acta Chem Scand 9, 1362 (1955) 



Spectrophotometnc studies on protonated, ammino and hydroxo complexes 
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TABLt 2 -Stability constants of ointRrNr lompllxes 


Mei.il 


Copper 


Niekcl 


Cobalt 


pH 

log 

pH 

log 

MMI 

pH 

OH 

pH 


1, 

0 7 

12 02 


20 


2 90 

1 1 8 

2 48 

8 8 


2 70 

08 

12 05 


2 5 


2 86 

II 6 

2 44 

8 6 


2 73 

0 9 

12 02 


3 0 


2 86 

1 1 4 

2 37 

8 3 


2 74 

1 0 

1 1 98 


3 5 


2 77 

1 1 2 

2 32 

8 0 


2 84 

1 1 

12 09 











Av 1203 



Av 

2 87 


Av 2 40 


Av 

2 75 







(OH ) 





I'O 9 

1 1 67 




2 83 

0 46 

0 60 

8 7 


2 66 

1 0 

1 1 75 

980 

I 27 


2 72 

0 22 

0 50 

9 0 


2 65 

I ' > 

1 1 68 

mil 

|2 1 


2 69 

0 12 

0 58 

9 5 


2 52 

i 



p9 


2 69 

0 17 

0 52 

10 0 


2 40 

980,; 





— 


- 





m/( j 




Av 

2 73 


Av 0 55 


\v 

2 56 

12 

1 1 60 


l'3 4 


3 01 

0 7 

0 49 

10 0 


2 36 


II 52 

o 

00 

1 3 3 


3 08 

0 46 

0 35 

9 5 


2 ^2 

ll 4 

1 1 47 

in// 

i 3 2 


3 27 

0 22 

0 42 

9 0 


2 26 




[30 


3 38 

0 17 

0 37 

8 7 


2 II 


Av 1 1 62 



A\ 

3 12 

(OH ) 

Av 041 


\v 

2 26 

1 5 

8 65 


3 7 


2 83 

0 22 

0 78 

10 8 


2 00 

1 6 

8 60 


3 3 


3 16 

0 172 

0 83 

10 9 


1 99 

1 7 

8 62 


3 5 


2 97 

0 122 

0 85 

10 0 


2 11 

1 8 

8 75 


3 9 


2 75 

0 076 

0 86 

9 2 


2 21 


Av 8 66 



Av 

2 93 


Av 0 83 


•\v 

2 08 


It can be seen from Figs 2, 3 and 4 that on formation from the normal metal - 
EDTA complex, of protonated, ammino and hydroxo complexes, similar changes 
occur in the spectral intensities at major peaks Thus, in the case of copper the molar 
absorption at 750 m/t is reduced on formation of mixed complex For the nickel 
complexes the absorption at 380 ni/< is intensified while that at 980 m/< is reduced 
Co(ll) IS similar These variations may be attributed, inter aha, to structural changes 
occurring on mixed complex formation In the case of hydroxo and ammino com- 
plexes there can be little doubt about the attachment of OFl " or NFl^ groups to tlie 
central atom Therefore, it is reasonable to assume that the observed intensity changes 
in the case of the protonated complex have resulted from coordination bv H^O 
JoR(iFNSi-N reported*'"’ the existence of two geometrical isomers of normal 
nickel EDTA complex, HoO being present in the cis- and trans-posiiions with respect 
to nitrogen in the tw'o isomers Apparently, the mam evidence for this view is the 
observed difference' in the absorption spectra of the two species Howevci. such 
isomers have not been reported so far for CuY* and Co\'- The m.ijor peaks m 
the spectrum of NiY*^ reported here agree fairly well with that of the a-form reported 
by JoRtiENSFN, and the /f-form is very much akin to the protonated species One 
possibility which has not been excluded by Jorocnsin, is the gradual dehydration of 


0 
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NiY HjO - (/>) lo Ni\' " {y, ‘0 simil.ir to the case observed by StiiWARZENiiACii*’’ 
for CoY Tins argument is m agreement with the present results, since NiY 
will have a spectrum similar to that of NiV H H„0', as in the case of CrY and 

CrYH HjO Also, it is not then necessary to assume that m the case of CuY- 
and CoY" , where geometrical isomers have not been reported, one water molecule 
is present m the first coordination sphere 

In the case of norm.il copper and cobalt-fcDrA complexes, it is dilTicult to under- 
stand why protonation ol an already free carboxyl group should bring about the 
observed large dilfeiences in spectral intensities if wc assume coordination by water 
On the other h.ind, breaking ol one ol the metal FDTA bonds with the introduction 
of new ligands like H_,0, NH, and OH can be expected to alleet the absorption 
spectra appreciably with a trend similar to that observed here The present results, 
therefore, do not seem to lend much support to the assumption that one H,0 is 
attached to the metal atom m the normal complex, except possibly in the case of the 
/f-nickel EDTA complex of Juuc.fNsiN 

C ompanson of slahililv (ansianis 

The formation const^ints of mixed complexes (obtained from MY- ) of the type 
MY X may be expected to depend upon the \/n log />’„ value of the MX„ complex 
The observed results show large deviations from this expectation, especially in the 
case ol hydroxo-complexes ol cobalt and nickel, eg, though OH“ is a stionger 
ligand than NH j the stability of the mixed ammino complexes were found to be greater 
This suggests that, besides the average strength of the metal ligand bond, other 
factors, such as stereochemical, ligand field stabili/ation, etc, strongly inlluence the 
formation of mixed tDTA complexes Kida"-^’ pointed out, from a study of series 
of complexes, that the formation ol mixed complex is favoured when the ligands 
involved tend to st.ibilize the same geometrical configuration Since the ammino and 
EDTA complexes of Co(n) and Ni(Il) are nearly octahedral, mixed complexes may 
be formed easily The hydroxyl ion does not appear to favour the octahedral structure 
In the case of copper the observed value for the hydroxo-complex is relatively high 
This may be attributed, as stated by Joroi NSi n”"’, to possible stabilization of the 
ground state due to intermixing of the electron transfer states 

AcknoHied’^enients- 'XVic authors wish lo express their appreciations to Dr J Shankar, Head of 
Chemistry Division, Atomic tnergy hslabhshment. Trombay, for his keen interest and useful 
suggestions and lo Dr G S Rao for encouragement, during Die course of the woik 

C 1C JOROtNSLN, /fiR; C/iern Siaiitl 9, 1362(1955) 

S Kida, fill// Chern .Sor , 7 o/)ua; 34, 962 ( 1961) 
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NATURE, STABILITY AND BONDING OF THE 
PEROXY GROUP IN PEROXY TITANIUM 
COMPOUNDS 

C C PAihL and G V Jfre 

Department of Inorganic and Physical Chemistry, Indian Institute of Science, 

Bangalore 12, India 

(Rc’ccueJ \5 Deccmhei 1962, m reined jui ni A March 1961) 

Abstract Some physicochemical properties ol peroxy litanium compounds are explained by assigning 
a strained triangular ring structure to the peroxy titanyl gioup, \cilh a bent and reduced occriap of the 
O O bonding orbilals The stability of the peroxy group is found to depend on the stability of the 
other ligands The dccicasmg order of stability of the peroxy group in the compounds is as 
oxalalo malcato malonalo sulphato peroxide of titanium 

Oranc.i red peroxy titanium complexes c>f oxalic.'*’ malomc,'-’ maleic*'” and sul- 
phuric'*’^” acids were prepared in the solid state, but the corresponding complexes 
of organic monobasic acids (e g propionic acid) and fumaric and succinic acids 
could not be prepared because these complexes readily hydrolysed in solution 
Further, although peroxy titanium perchlorate was prepared in solution, it could not 
be obtained in the solid state, since, on evaporation even at room temperature, 
colourless crystals of titanyl perchlorate. Ti0(C10,)> 6H,0, were obtained The 
existence of peroxy titanium complexes of oxalic, malonic, maleic and sulphuric 
.icids in solution and the solid state indicates that these acids function as bidentates, 
occupying two co-ordination positions When peroxy titanium compounds were kept 
in vacuum, the sulphate complex gave both ozone and oxygen while others gave 
only oxygen 

It IS unusual that even in presence of a large excess of hydrogen peroxide or the 
corresponding acid, the compounds retained one peroxy group and one dicarboxylate 
ligand Peroxy titanium sulphate, however, lost its orange red colour, when stored 
over strong sulphuric acid, probably due to the replacement of the peroxy group by 
a sulphate group The peroxy titanyl complexes may have structures of the type 


[ H,0 0^ J 

Peroxy titonyl oxolole 

D P Kharkar and C C PArii,/’rr>{ Imhan Acad Sci 44 A 287 (1956) 

Ci V JtRh and C C Paill, P/or Imhan Acad Sei 57A. 69(1963) 

G V Jere and C C PArLi,PioL Symposiu n on Che nistry ol Co-ordination Co’iiponndN Agra, 
Pt II, p 117, Natl Ac.nd Sci , Allahabad, India (1960) 

M S Mohan and C C Path., Proc Symposium on t hemi'.trv of Co-ordination Compound'., 
Pt II, p 105, Natl Acad Sci Allahabad, India (I960) 

' ”G V Jere and C C Path . Canad J Chetn 40. 1576(1962) 

C C Patll and V Krisiinan, T Set Indiisir Prs (India) 20 8,604(1961) 
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Solutloo ^ of orders (or exposures to stockouts) -52 

y\/«A/ 


,^i=98% service 

Safety factor. Z=2.05 (from tables). 


1 stockout m 52 : 


K==2.0S X 


-=2.56 


SS=‘2.56X 60^154 units. 

(b) How much SS should be carried if the order 

supply 7 

If the Icadd'me fs one week and expected usage is 500 
the appropriate order point when the order quantity is 


quantity is 
(Answer ; 

units/week, 


(c) One week’s supply is in (a) ? (Answer : 654) 

(h) five weeks’ supply as in (d) (Answer ' 5^6) 


5 weeks’ 
96 units) 

what is 


Exercise 2 


A firm has a normal distribution of demand a (constant) leadtime with 
a=250 units and desires to provide 98% service. 

(a) How much SS should be carried ? 

(b) If the demand during the leadtime averages 1,200 units, what is the 

order point ? (Anawer : 512, 1712) 

Exercise 3 

The average demand for an item is 120 units per year. The leadtime is 
1 month. The demand during leadtime follows normal distribution with average of 
10 units and standard deviation of 2 units. If the item is ordered once in 4 months 
and the policy of the company is that there should not be more than one stockout 
every two years determine the reorder level. 

ABC Analyala 

This is a simple and yet useful application of statistical sampling in the 
context of inventory control. It is based on 

Usage vaIue=Costx Requirement 

The ABC analysis focusses the attention of the management on those items 
where the greatest saving can be expected. The items are categorised into three 
classes, A. B, and C, by their usage value so that close attention is paid to the A 
items. C items come in the other extreme and can be generously stocked because 
they require little capital. The B items fall in between. The ABC concept is based 
on Pareto’s Law that is a few high usage value items constitute a major part of the 
capital invested in inventories whereas a bulk of items having low usage value con- 
stitute an ^ insignificant part of the capital. In view of several hundred and even 
thousand items stocked m most inventory situations the ABC Analysis may be 
carried out on a sample. Once a random sample has been obtained the following 
steps may be performed for the ABC analysis : 

1. Comjiil^.^e annual usage value of every item in the sample by malti- 
plying nle innual requirement by cost/onit. 



ATWl 


3S 


2. Arrange these items in descending order of the usage value computed 
above. 

3. Accumulate the total of the number of items and the usage value. 

4. Convert the accumulated totals of No. of items and usage values into 
percentage of the grand totals. 

This in illustrated in the following : 


Ujage Value 

Its. 

Accumulated 

Usage 

Percentage 

Acc. total No. 
Items 

50,000 

50,000 

50,000 

y- ^ 

'^XlOO 

45,000 

95,000 

XIOO 

Axioo 

44,486 

139,486 

”’v*‘ x<00 

-lyioo 

44,482 

183,968 


-^XIOO 

42,683 

• •• 

226,651 

226,651 
— ^ X 100 

l-xlOO 
• •• 

Grand Total 

1 1 
: : 1 > 1 
I 1 


N 

5. Plot the two percentages on the graph paper. 


1 ^ 





CLASS I VALUE 
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6. Mark tbe cut off points X and Y where the c^ sharply tegM its 
shape. This provides three segments A, B and C. Froio points X and 
Y and tabulated data the usage value classification points A, B and C 
may be fixed and generalised over the entire popuiatira of the stock 
items. It is usual in most industries to find aboQt % of the items 
accounting for as much as S0% of the capital in inventories. The ABC 
analysis may be presented as above. 


In practice, the C items are frequently placed on the shop floor and tl^^ . 
workers can help themselves without placing a formal requisition which requires time 
and money. On the other end of the salt, the A items are scheduled for tnoourement 
and manufacture and are under continual scrutiny of the senior inventory control 
staff. This leads to selective control. Although the technique is very simple yet few 
of the manufacturing and warehousing organisations have realised the potential of 
the technique. By simply concentrating efforts and attention on tight schedules of 
A Items to be procured in small batch sizes and generously stocking of the C items 
there IS a scope of saving thousands of rupees in investment; aside from other 
intangible benefits. ABC concept conforms to tbe considerations implied in 
E.OQ model. ‘A’ items have high inventory carrying costs and should therefore 


from an^vemtoiy.’ analysis op the following sample of }0 items 


Col. I 


Item No. 


140 

142 

143 

144 
14 fi 

147 

148 

149 

151 

152 


Col. I 
Annual 
usage 
units 

300 

2,800 

30 

1,100 

40 

220 

150 

800 

600 

80 

6120 


Table 1 

Col. 3 
Unit 

cost 

Jta. 

0.10 

0.15 

0.10 

0.05 

0.05 

1.00 

0.05 

0.05 

0.15 

0.10 


Col. A 
Annual 
usage {Rs.) 


30 

420 

3 

55 

2 

220 

7.5 

40 

90 

8 


Col, 5 
Ranking 

6 

1 

9 

4 

10 

2 

8 

5 
3 
7 



I^olntton I 

The item are ranJced in descending order of the usage value. 





Fig. 11 





Table 2 



Item No. 

Annual usage 

Cum. Annual 

Cbm. % Category 


Rs. 

usage (Rs.) 


(got from plot) 





abofe) 

142 

420 

420 

48.0 

A) Cot off points 

r47 

220 

640 

73.1 

Aj can be guessed 

151 

90 

730 

83.4 

B. without the plot 

144 

55 

785 

89.6 

Bj in case like this 

149 

40 

825 

94.1 

C 

140 

30 

855 

97.6 

C 

152 

8 

863 

98.6 

C 

148 

7.5 

870.5 

99.4 

C 

143 

3 

873.5 

99.6 

C 

146 

2 

875.5 

100.0 

c 


The plot above could, however, may be avoided where the cot off points can 
be guess-estimated from the last col. of the 2nd table. 

Important Note : We have taken along the horizontal axis the % of total 
items in the plot e.g. upto items 142 it is 10% (l.e. just 1 of 10 items) and upto item 
144 it is 40% (/ e. 4 out of 40 items). Anyhow, the point we want to emphasise is 
that some authors accumulate the annual usage (Col. 2 of Table 1.) and take the % 
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.J.S along the X-a,™ 6120 as those orto..l 6120 For eaan.pI., the ken. nnlredj 
has a usage (in units) of 2800 and they would plot item 142 at X I00»45% 
along the X-axis This is an inferior way to the one given by us above. 

E.O.Q.- modified for finite leaddme for made-lna 

Deliveries of purchased items are normally delivered in a lot, so that stock 
level rises by the ordered quantity q in one step. 

Deliveries from the factory machine shop may take place, day by day over a 
period, and if at the same time these items are being withdrawn from stores for use 
in further stages of assembly, the stock level will rise by less than q ; less, in fact by 
the amount withdrawn over the period whilst q was being delivered. 

The situation when stocks are consumed whilst they are being replenished is 
depicted below figuratively. 

Let d=rate of consumption 

p=rate of replenishment i e., production. 


It IS to be seen from figure below that the average stock is not simply qjl 
but {{—dip) qjl, where the correction factor reflects the amounts withdrawn from 
stock during the period the item is being produced. The derivation of the economic 
order quantity amended for the significant leadtime follows exactly the same steps 
as that of E.O.Q. 


Stoo: 

UlltL 



ItAariMF AMfMO^tNT Furmf 


{ 


Fig. 12 



and 


9o 


4 


2CaA 


Cl 



C(^o)=^4-(l- 

9o V 

Example : A=24000 units 
Ca=BRs. 40 


d \ gpCl 
p) 2 


C=iRs. 20 

I«305i 

p=1000 per week 
d=5QO per week 

E.0.Q|. U modified for finite leadtime. 



=800 Anawer. (Explain why higher than usual 

E.O.Q. IS needed). 

Find total cost as an exercise. 

Ecooomic Order Size in case of price Breaks. 


Example: The Conco Company use 12,000 switches per year supplied 
ordinarily at a price of Rs. 3.00 per item. Carrying costs arc 16% of the value of 
the average inventory, and ordertng costs arc Rs. 20 per order. 

The supplier however offers discounts as per the table below : 

Order Size Price per item 

~ Less than 2.000 Rs. 3.00 

2000 to 3.999 2.92 

4000 or more 2.90 


What is the most economic order size ? 

Solution. Basic E.O.Q. (Rs. 3.00 per switch as the price) 


E.O.Q. (Rs. 



2x12000 X 20 
3.00X0.16 “ 


1.000 


The problem then is to determine if it is advantageous to increase the order 
size above the E.O.Q. of 1,000 by availing one of the price discount. 

To solve the problem. E.O.Q.’8 for all the prices are computed. 


E.O.Q. (Rs. 2.92)= 
E.O.Q. (Rs. 2.90)- 


^2X 120uox2o 


2.92x0.16 

2x12000)^ 

2.90x0.16 


1,014 

1,017 


We see in the given table that for 2.92 the quantity range is 2000 to 3999 
whereas E.O.Q. is 1014. This is, therefore, an infeasibie solution. Farther explo* 
nation will be given ftato. 
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Likewise for tbe price of Rs. 2.90 the quantity range is 4000 or more but tbu 
E.O.Q. IS 1017 so that this, too, is an infeasible solution 

However the price of Rs. 3.00 has the quantity range of 0 to l999 and the 
computed E.O.Q. of t,000 docs fait within this range. The £.O.Q, is thus a feasible 
toJutJon but we must compare (/) tbe total cost with E.O. Q =1000 and (U) tbe total 
cost with an order size of 2,000 i.e., tbe quantity of tbe following price break, and 
(Hi) at q=^4,000. 

Order Size 


f Acquisition cost xCa 


d 

2 


I 

Costs -i Carrying cost— ^ Cl 

I 2 

L Material cost= AC 


1 

1 1000 

/ 2000 1 

/ Rs. 240 

Rs. 120 / 

Rs. 240 

Rs. 467 1 

Rs. 36,000 

Rs. 35.040 J 

I Rs. 36,480 

Rs. 35,627 


sue. It IS stepped because of the price breaks 
would have been of the cup shape as m fiSrr4. 



*®‘**”°^ W^seJ^mhe c^rve8*S*^8tW8^^ Md m ** 

increasing total costs with the rising batch size monotonou 

» .of cup shape u.. the total cost afst S »'“> * ’>’» 

minimum occurs at batch Size Of 1 000 with ? ^ increases. And i 

HIM for II and III 0^00“ in ttet'ZtS eiSS^S ^MSO. The ml 

and III themselves. Such monotonously increasinn^ 

iufcasible portions and portion I is feasfbl^'h!?*”* M y** 


/ 
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in anotlier problem, however, may be portion 11 was of cup shape, to that 
case we would compare the min. total cost, (with its E.O.Q.) with limiting total cost 
at 2000 and 4000. 



Fig. 14 


Ezerciae 


Assume the following price structure. 



Units 

Unit Price 


0-199 

Rs. 10.00 


200-399 

9.75 


400-599 

9.50 


600- 

9.25 

Acquisition 

cost per order- 

»Rs. 25 : Cost of the itemoRs. 10 ; Annual 

Demand— 900 units. 

Carrying Cost«=»Rs. 2/unit/ycar. Find the most economic 

order size. 


(Answer : 600) 


Qjaaatity Diacoonts 

Example : 

Item ; Washers ; 

Units price Rs. 0.25 ; Annual Requirement*" 

12.000 

Units 


Discounts : 

0-1999 

Basic price 


2,000-3999 

5% discount 


4,000-5999 

10% discount 


over 6,000 

15% discount 

A =12,000 

CassRs. SO 

II 


No. of 
orders 

9 

Stockholding 

costs 

Ordering 

costs 

Purchase 

price, 

basic 

Total 
(at basic 
price) 

Purchase Total 
price (with 

(with dis- 

discount count) 

1. 

12,000 

300 

50 

3000 

3350 

2550 

2900 

2. 

6,000 

150 

100 

3000 

3250 

2550 

2800 

3. 

4,000 

100 

150 

3000 

3250 

2700 

2950 

4 . 

3,000 

75 

200 

3000 

3275 

2850 

3125 

6. 

2,000 

50 

300 

3000 

3350 

2850 

3200 

12. 

1,000 

25 

600 

3000 

3625 

3000 

3625 


formula 


Thus. 6000 approximately is the economic quantity as against by the simple 

f2x 12000X50X20“ . ... 

<7o= /y/ ^ r . ;=i4,900 


20 X 


loo 


The simple E.O Q. is likely to be invalidated, therefore, where price dis- 
counts arc offered, since the acquisition cost is stepped rather than linear with res* 
pect to the number of orders. 

The above quantity of 6,000 has been derived by simple enumeration of a 
few possibilities of number of orders. Further refinement is possible. Brown (ref. 1) 
derives that maximum quantity that can economically be ordered to qualify for a 
discount in unit cost is derived from the following formula. 

where the symbols have the following meanings 


i/=frac(ion by which the price will be reduced from the basic price if the 
larger quantity is ordered. 


S=Annual Usage in pieces 
r=carrying charge (as we have been using) 
^o=E.OQ at basic price. 


It is to be noted when there is no discount, d—0 the above formula yields 
the normal E.O.Q. As an instance, consider an oil seal, price being 5U n p. 
Annual requirement is 12,000. The order processing cost is Rs. 40, I^ZO^. 


^0 = 


V 


2x40x 12,001) 
2 100 


; 3,100 


If the discount is 5% on 3,000 or more, d=0.05 


The maximum quantity we can order to avail of 5% discount is 


2X0.05X 12.000 
20/100 


+0.95x3100 


=6,000+2,945=8,945!s9,000 

For practical purposes, tables have been compiled by several authors which 
can eliminate the computational task at the expense of slight loss in accuracy. The 
following table is reproduced from reference No. 2. It is suitably amended from 
£ to Rs., 1=0.26 ai^ Casi^Rs. 20. 



% discount needed to justify increasing order to this 
number of months 



An example on the use of this table is in order. 

Item : Screw, 4 x P 272 ; unit price, Rs. 0.20, A«= 12,000 

Usage value/month =12,000x0.26x1/12 =200 ; From Column 2 

E.O.Q. (roughly)=l month’s usage i.e. 12000/12=1,000. 

E.O.Q., as the student must know by now, is applicable only if the purchase 
price is constant i.e., linear w.r.t. number of orders. Quantity discounts upset 
this assumption. If the quantity is increased we denve beneht of discounts 
but at the expense of extra stockholding cost. The discount models seek to optimise 
between the benefits of discounts and extra stockholding costs. If the vendor offers 
discount of 4^ on Jots of 1,000 or more we can read from the table (in col. 4% and 
now containing 1 month’s order quantity) that the ordering quantity can te in- 
creased to 1.8 month’s requirement i.e. 

12,0(Wx l.8 ^^ gQO 


It IS important to note that if the E.O.Q. is greater than the quantity justified 
by discounts, E.O.Q. is to be used. 

Sometimes, discounts may not be as appaient as above. These may be ’had’ 
by purchasing one truck-load or 2 truck-loads etc. of an item. Reasons are obvious ; 
if the truck is half empty the shipment cost will be same if it were full. Another 
phenomenon that amounts to quantify discounts is the learning curve. If, for 
example, 2000 pieces of an item are turned out by an operator he would have ’l^rnt* 
i.e., rythmised his bodily motions etc. as discussed in MISC Study. For such cases, 
a suitable model can be built on the lines of the quantity discount models discussed. 

Dynamic Order Quantity: One assumption in our above discussion is 
that demand is uniform. Even when it is roughly so it practically does not matter. 
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In practice, we come across with non-oaiform demand such as having rising/ 
falling trend and/or depicting seasonal influences. How do we cope with su^ 
non-uniform demand, then ? We have already seen in Study 1 as to how floating 
reorder levels can fixed that take into account changing behaviour of demand. 
We shall take up the general method that can be applied to any pattern whether 
seasonal, irregular, ruing or not. The method is based on the E.O.Q. concept. 
Consider the 12 months* requirements as computed at the commencement of the 
year and noted below : 

Month 1 23456789 10 11 12 

Requirement 20 40 10 10 10 2 40 30 40 40 10 20 

Set up/procurement cost=Rs. 20 ; unit price=»Rs. 5 ; I«»24%, i.e. 2% per 

month. 


Consider the case when each month’s requirement is made separately. 
Ordering co8t«=20x 12=Rs. 240. 

If the 2 units required in the month 6 are made a month earlier the set-up 
cost would come down by Rs. 20 whereas the carrying cost which was non-existent 
in the previous case would rise to 5x0.02~Rs. 0.10. The 2nd strategy is then 
more economical than the first by Rs. (10.00 -0.10)=Rs. 9.90. 

To systematise the above method, therefore, we can adopt the following 
procedure. The first month’s requirement has got to be made in the first month at 
a set up cost of Rc. 20. It can also be verified if the 2ad month’s requirement can 
be batched along i.e. made in the first month. This would be the case if the savings 
on an extra set-up are more than the carrying costs. If the savings on set up out- 
weigh the carrying costs we can try the 3rd requirement also in the same way i e. 
does another saving in the set-ups outweigh the carrying costs for the 2nd month's 
requirement for one month and for the 3rd month’s requirement for two months. 
We proceed on until the ordering and carrying costs are balanced. The following 
mathematical procedure may then be adopted. 


“Foreachmonthfi, starting with (n=l), the requirement Rn+i is examined 
to see whether the extra carrying cost (a. R„+, I.C) in making R„+, in month 1 

is less than the saving in the set-up cost. As long as the answer is 'yes’ n is in- 
creased to take the next month into consideration ; but as soon as the answer is 'no* 
that ends that particular grouping, and the following month is treated as a new 
month 1 to proceed on in this way”. 


Let us solve the above example, then methodically below, rewriting the 
condition as "Is r? Rn+i< 

<* 

or by substituting the various values ^ 


Thus the condition is Is n* R«ft<200 ? 



45 


Month 

Requirement 

« n*Rn+i 

Is n*R,+i 

Action 






<200 


1 

20 


1 

40 

yes 

Include 40 in month 1. 

2 

40 


2 

40 

yes 

Include 10 in month 1., 

3 

10 


3 

90 

yes 

Include 10 in month 1. 

4 

10 


4 

160 

yes 

Include 10 in month 1. 

5 

10 


5 

50 

yes 

Include 2 in month 1. 

6 

2 


6 

1440 

No 

Set-up again in month 7 


92 






7 

40 


1 

30 

yes 

Include 30 in 7th month. 

8 

30 


2 

160 

yes 

Include 40 in 7th month. 

9 

40 


3 

360 

No 

Set-up again in month 10 


no 






10 

40 


I 

10 

yes 

Include 10 in month 10 

11 

10 


2 

80 

yes 

Include 20 in month 10 


20 






12 

70 







Thus the optimal plan is 3 set-ups for batch sizes of 92. 110 and 70 respect!- 

vely though the 1 

last 

step could possibly take up some of the next year’s require- 

ments. 








Exercise : 

Compute 

dynamic 

E.O.Qs. 

for the following requirements 

schedule i 





Month 

1 

2 

3 

4 5 

6 7 

8 9 10 11 12 

Requirement 50 

100 

10 

170 150 

180 1 

260 100 80 150 70 






(Answer j 160, 320, 181, 440, 220) 


Periodic Review Systems 


la these systems stocks are reviewed periodically (e.g. weekly) unlike the 
E O Q. system in which stocks are reviewed upon each customer demand transaction. 
There are two leading types of the periodic review systems : Fixed Order Cycle 
System and the sS system briefly discuss^ below. 

Fixed Order Cycle System 

Under this system, stocks are reviewed periodically at fixed intervals, e.g. 
7th of every month. To derive the order size stocks vn brought to a predetermine 
l^vel. 
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The 6gure below depicts the variations of stock level in this system. 
Obviously the order size is varying. As against the fixed order quantity systems 
where fluctuations are absorbed by means of varying time interval of order place* 
ment, here the varying order size serves this purpose. The maximum level is set 
equal to the sum of (i) expected demand during the leadtime which is ordinary lead- 
time plus review period and (li) safety stock during the same period. Economic 
ordering interval is derived like the E.O.Q. and is equal in days to 

365XE.O.Q. 

Annual demand 

Another point is worth noting about the cycle review system. An order is 
invariably placed at the review date unless, of course, there has been no demand 
during the preceding period. Therefore, when there has not been substantial con- 
sumption during the preceding period an order of small amount will have to be 
placed which is expensive indeed. Therefore, there grew the sS system. The cycle 
review system is also known as the topping-up system. The nomenclature is quite 
apt when one thinks of it in terms of such a stock-keeping item as a lubricant. The 
height of the can in which the lubricant is contained may represent the maximum 
level. All that the stock controller has to do is to ensure, at every review date,- that 
the can is filled up to brim. 

Cyclic review system is particulaAy useful when a vendor supplies numerous 
items. Because of the simultaneous review of all these items, joint replenishment 
orders can be placed. Also the vendor can plan his production better. The 
maximum level may be changed every period in sympathy with the fluctuations in 
demand. Such varying maximum level is known as the floating maximum level. 



Curuc -fflewsiv .systitm 

Size of the orderaPredetermined stock level minus stock level at the time of the 
periodic review. 

sS Sjrtttem. As mentioned earlier, in the fixed order cycle system an order 
is invariably placed even if the demand in the preceding period was very low, i.e., 
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the order size would be small which is uneconomic iudeed. The sS system stock 
control system is an improvement in this regard. 



Under the sS-system, there are two stock levels which constitute its 
parameters. The lower stock level, s is equivalent to the topping'Up level of the 
fixed order cycle system The difference between the upper and lower levels that 
is (S-s) fixes the minimum size of order that will be placed. Obviously, the average 
order size will be somewhat larger S>-s=:minjmum order size. The average Order 
size may be taken as 

S— s+i demand during a review cycle. 

The fixed order cycle system is controlled just by two parameters : maximum 
stock level and review period ; maximum stock being set exactly in the way of 
fixing R.O.L except that the replenishment leadtime also includes the review 
period. The length of the review period is determined by the same considerations 
as for the F.O.Q. System i.e,, longer review period (as against lot size) for usage 
value items and shorter review period for high usage value items. The sS system 
is difierent in this regard. There are three parameters that control it : maximum 
level, minimum level and the review period. This makes its mathematical analysis 
for optimisation fairly complex and ever sinee its inception it has been the favourite 
topic for the mathematical minded. 

The ordering rules are i (1) Choose two inventory levels S and s. (7) At 
every review period, compare the available inventory with S and s. (3) If it lies 
between S and s place no order. If it is below or equal to s, place an order of 
the size S— I, where I=> Inventory level. 

When the available stock at any opportunity to order can be actually less 
than the Order Point, it is more economical to set up sS system rather than tlie 
F.O Q. system. This means that if the stock is depleted unit by unit /.e., customer’s 
order size is equal to one always and the stock level would touch the ROL in 
F.O Q. system ; but would not fall below it. If. however, the order size is greater 
than 1. which usually is the case in practice. sS kystem is more economical. 
Mathematical baala of Periodic reriew system 

Fixed order cycle system : The analysis is just tbe same as that for E 0 Q. 
Instead of E.O.Q. tye are interested here in most economic review period that 
bslances thc^o costs 
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(i) Acquisition (ii) Stockholding 

sS system: We noted that the average order size is S— s-fl demand 


during a review cycle. Now we know gp= 

Equating the two (approximation, here) 

“ S-S+* Td 

where Tt= length of Review Period 

expected usage during a period 

Thus 

8 is to be calculated just as the maximum level in the fixed order cycle system. That 
is, in turn, just like ROL except that Ieadtune«=rcview period plus usual lead 
time. 

CompariaoB of the fixed order quantity and the periodic review ayatem 

1. In the F.O.Q. system there is continual serveillance of the stock level. 
The moment the reorder level is crossed a replenishment order is triggered. The 
periodic review systems are at a disadvantage, in contrast. If there it an important 
transaction of a large size it is not likely to be filed, especially in the closing days of 
a review period. The replenishment action would be delayed until the review date. 
But it is to be noted that such exceptionally large size of demand would occur only, 
in a fraction of the total reviews. Where, (herefore, demand is fairly uniform ; 
devoid of such exceptional cates, the F.O.Q. System would be unnecessarily costlier. 

2. In the F.O.Q. System, the safety stock h set at a level to guard against 
the demand fluctuations during just the replenishment leadtime ; but in the 
periodic review systems the safety stock is required to cater to the demand fluctua- 
tions during the replenishment leadtime plus the review period ; therefore, higher 
stock levels in the case of the periodic review systems. 

3. The fixed order quantity systems are mere sensitive to the demand 
fluctuations and can respond promptly to any unanticipated demand behaviour. 
They are liable, however, to change with impulses in demand. 

4. The fixed order system is best suited where some continuous monitoring 
Is possible, e.g., in the case of perpetual inventory records. The system is parti* 
culariy suited, in the case of the bought-outs which do not constitute a major- 
difficult portion of the vendor’s production. This is because the time of placement 
oF orders under the fixed order quifirity system is more or less uncertain. Obviously, 
therefore, the vendor would not be Inconvenienced in case the item is an ordi- 
nary one. 

5. The periodic review systems, especially the fixed order cycle system, are 
ideally suited for joint replenishment orders. If, for example, a vendor is the 
regular supplier to the company for a dozen items it is much more cheap to put all 
the 12 items together on order for replenishment. Aside from the paper costs for 
raising another eleven orders (were they on the F.O.Q. System) the items would 
most likely be delivered by the vendor in just one consignment. This would, 




2ACa 


1C 


I 
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therefore, reduce the receiving costs substantially. Furthermore, one item as such 
may not constitute vendor’s major difficult part of production but 12 items might 
well be so. Joint replenishment facilitates advance and proper planning by the 
vendor and reduces his production costs which will ultimately be passed on to the 
receiving organisation. For very expensive items, the fixed order cycle system is 
quite useful in that frequent reviews are made. Under such circumstances, in fact 
the system leads to what has come to be known as scheduled ordering which is 
really not statistical m nature. Under scheduled ordering, an annual (or six 
monthly etc.) schedule for expensive and difficult (for vender to manufacture) items 
for procurement is compiled fairly in advance of the commencement of the year. 
Since such items are not very many the senior managers are supplied with copies 
of the schedule and continual scrutiny over the progress is maintamed. Obviously 
such Items would be crucial to the (ordering) organisation production. These items 
may also contain a major proportion of the A category items. 

SELF-EXAMINATION QUESTIONS 

State whether the following statements are true or false. Give reasons briefly. 

(i) By ABC analysis, an item costing Rs. 5,000 is most likely an A category 
item and another costing Rs. 60 only would fall in a lower category. 

(ii) Higher the usage value higher is the economic batch size. 

(iii) A large batch size is in itself a protection against stockouts. 

(iv) Safety stock varies with the level of a demand. 

(v) Variable leadtime would call for lower level. 

(vi) Forecast as such is of no direct use in inventory control. It is utilised 
for setting economic order quantity and reorder level. 

(vii) Leadtime is the time interval elapsing between the placement of a 
replenishment order and its receipt in the goods receiving section. 

(viii) Leadtime is the time interval elapsing between the posing of the order 
letter to the supplier and receipt of the last instalment of goods against 
order. 

(ix) If the demand of an item jumps up it would be desirable also to increase 
the value of the smoothing coefficient. 

(x) If the demand of an item declines abruptly it would be desirable to 
bring down the value of the smoothing coefficient. 

(xi) 1 he more stable the demand the less is the value of the smoothing 
coefficient. 

(xii) MAD bears no relationship with the standard deviation of a distribution. 

(xiii) MAD is not a prospective statistical measure for use in devising tracking 
signals. 

(xiv) Leadtime MADy&Leadtlmex forecast period. 

(xv) It is erratic to assume that the forecast errors conform to normal 
distribution. 

(xvi) Forecast erj;or=>foTecast for the current period prepared in the beginning 
of the preceding period and the demand that actpally materialised 

V daring the preceding period, 



so 


(xvii) Order sac tad reorder level constitute a good example of iatenetki 
variabids. 

(iviii) If the demand behaviour is not time-dependent it may be worthwhile tc 
try to St some standard distribution to the ptst historical data fot 
forecasting purpose. 

(xix) The fixed order quantity system is completely described by the 
parameters : order size and reorder leveL 

(xx) The forecast period should be as small as possible. 

(xxi) The forecast period should never be more than a month. 

(xxii) Whereas the derivation of E.O.Q, is based on compromise between 
inventory level and service to the customer the safety stock is set to 
balance between acquisition costs and inventory level. 

(xxiii) ABC analysis is in step with economic ordering regarding the batch 
size. 

(xxiv) Leadtime MAD=(0.659-t-0 341LT)fc MAD. Also, interpret the symbols. 

(xxv) If desired the reorder level can be made to ‘float’ in sympathy with 
demand. 


Anawer * 

(1) No, it is incorrect. It is the usage value that is the criteria of classifica- 
tion into A.B and C categories. 

(ii) No, it is the other way round. Higher usage values would entail higher 
inventory-carrying costs and, therefore, their batch size should be 
smaller. 

(iii) Yes. because it offers only few exposures to stockout, i.e,, ordering 
frequency is small. 

(iv) No, safety stock varies with fluctuations of demand. 

(v) No, variations in leadtime require higher safety stock to provide the 
same service and, therefore, reorder level would also be higher. 

(vi) That is right. 

(vii) No. instead of receipt of goods it is the posting on the stock ledgers that 
marks the terminal point of the leadtime. There may be considerable 
period elapsing between these two events, especially if clerical routines 
are not efficient. 

(viii) No, instead of posting the order letter, it is 'recording of the reorder 
level being crossed that marks the starting point of the replenishment 
leadtime. Also, it is the first instalment of goods that marks the termi- 
nal point of the leadtime. 

(ix) Yet, so that forecasting is attuned to higher level promptly. 

(x) No, it should still be increased so that forecasting is attuned to the 
lower level of demand promptly. ’ 
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(xi) Yes, since this ensures more weightage to past data. 

(xit) It does bear a fixed relationship. 

(xiii) It is a prospective measure since jt provides us with the spread of the 
forecast errors. 

(xiv) The statement is right siace the time series have time dependant demand. 

(xy) Mostly forecast errors conform nearly to normal distribution when 
demand emanates from several customers. If, however, one or more 
customers are dominant for demand, the supposition of a normal distri* 
button is erroneous. 

(xvi) That is right. Demand is sought to be estimated by forecasting. 

(xvii) That is right. Independently computed they may provide undesiraUy 
high service which is expensive. Since a large order size is in itself a 
protection against stockouts it is desirable to consider the two variables 
together to yield an optimal total cost comprising acquuition cost, 
inventory carrying cost and shortage cost. 

(xviii) Yes, since if such a distribution provides good fit to the historical dat a 
the task of fixing KOL becomes more objective as well as easy and less 
expensive. 

(xix) Yes, fixed order quantity system has only two parameters (there is 
another statistical system, the, sS system that has three parameters, the 
minimum level, s, the maximum level, S, and period, /, for review of 
stocks). 

(xx) No, it might make the computational task too expensive and also time 
consuming thereby defeating the very purpose of keeping the forecast 
period small in an endeavour to catch up with all the fiuctuation even 
though they are not significant. 

(xxi) That is wrong because if the demand is rather stable why waste time 
on keeping the forecast period just a month. A quarterly or half-yearly 
forecasting period may serve the purpose. 

(xxii) That is wrong. For E.O.Q. inventory carrying costs and acquisition costs 
have to be manipulated and for setting safety stocks inventory carrying 
and shortage costs have to be balanced. 

(xxiti) Yes, ABC analysis for example, calls for less attention for C category 
items which have low usage value and, therefore, higher batch size by 
economic ordering considerations. 

(xxiv) The relationship is right and has been derived for a specific inventory 
situation by a renowned operations researcher. It may be applied to a 
dififerent situation. MAD is the mean absolute deviation during the 
forecast pferiod k is the service factor and LT is the leadtime as a 
multiple of the forecast period. 



(xxv) Ye*, if th« ROL ii n-eompoted neb time foreent h prepend it won 
be fJoethg. As much ee 40% reduction in etoeke here been ecbievt 
by Ellon, a British production and stock coatroi expert by Poeting RO 
rather than keeping it fixed. 

Qjaeaing Theory : 

One encounters Queues ia everyday life in the post oSSces, in the banks, in 
restaurants, in barber’s shop. etc. Less apparent examples are when one waits for 
the telephone operator to answer, vehicles waiting for the gteea lights on the cross 
roads, aeroplanes circling around the airports that are waiting to land, machine 
operators forming a queue across the tool crib to obtain tools and so on. Obviously 
a waiting line or a queuing problem arises when either units requiring service or 
facilities which provide it stand idle, i e., with Operations reasearch one can very 
cfTectively analyse such problems but the relevant decision problems must be of 
sufficient economic significance to warrant the expenditure for undertaking theS'tudy. 

Queuing System : A queuing system is described by the following three 
elements :-(l) Input or arrival process of the units or ''tustomers”. (2) Queue 
discipline e.g., first come first served, (3) Service inechamsjn. For each of these 
there exist several possibilities. 

1. Input process : 

It is usual to describe input process by probability distribution of ) 

(!) time interval between successive arrivals. 

(fi) No. of units that arrive durmg such intervals. 

As an example, on the average 1 person/minute may arrive in a bank. 
Whereas, in the banks the persons usually come singly they may come m groups m a 
restaurant. In the latter situation, arrival event is called a bulk arrival. Often the 
successive times are statistically independent and also stationary over a Tong period 
of time though this is not necessarily so. 

Frequently the population of the units or customers requiring service may be 
infinite, e g , passengers waiting across the booking counters ; but there are situations 
where the population may be limited such as the number of particular equipment 
breaking down and requiring service from the factory’s maintenance crew. 

There may be cases where there is a limit to the maximum number of custo- 
mers queuing up. Or the customer may walk, i.e., deciding not to join the queue 
which is quite long already. They, may, however, return later. 

2. Queue Discipline : FIFO, first come first served is usually the case ; but 
there may be situations e g., a lift where the last person entering is likely to quit first. 

It may be random when, for example, a teacher picks up the students for recitation 
or the discipline may be on priority basis as on the basis of ^’Ladies First”. A custo- 
mer may get impatient and leave the queue, reneging in the terminology of queuing 
theory. 



Service Mechanism : Analogous fo the input process, here are the pro- 
bability distribution of service times and number of customers served in an interval. 
Here, again, the customers may be served singly or in groups. The time required 
for service may depend upon the nature of the customer, but it may also depend 
upon the state of the system. The server may rush upon seeing the lengthening 
queue or may slacken when there are a few customers. 

Another characteristic of the service mechanism is the number of service 
channels. There may be just one channel of service, e g., an air-strip. On the 
other end of scale there may be a single queue but several channels, e.g., when 
there are several ticket checkers on the railway stations. Passengers may well change 
over (or jockey) to another queue or ticket checker. This is an example of service 
channels in parallel : but there could also be channels ip series. An example 
would be vehicles passing through several crossroads or a component that is proces- 
sed on several machines. 


Obviously then there exist a great variety of queuing problems. We shall 
just deal with an elementary set of queuing formulas to provide an insight into the 
method of tackling more complex and practical queuing situations. This, however, 
IS a fact that most queuing problems do not lend themselves to analytical treatment, 
Simulation is often used under such circumstances. 

Arrival of Customers : This can be viewed in two different ways ; 

1. How many customers will arrive in a given time interval (say, 15 
minutes) and the associated probability distribution -obviously discrete. 

2. What is the time interval between two successive arrivals ? This will 
give continuous distribution. 

The following formulas (proof omittcdl would be utilised m solving the 
numerical problems. A denotes average arrival rate and denotes average service 
rate, e.g., 6 arrival per minute and 13 units serviced per minute respectively. 

1. Pg^ Probability of zero units in the queue 





2. Pn= Probability of n units in the queue 



3. Average queue length 

A* 

4. Average length of non-empty queues 





i. Average number of units in the system (units in the queue as well as the 
one being served). 


A 

{a-A 


6 . 

7. 


Average waiting time of an arrival 
A 

“ A) 

Average waiting time of an arrival who 
waits 

1 

“(i-A 


I Formulas 3 to 5 pertain 
I to lengths and 6 to 8 
pertain to times of 
I queues 

L 


8. Average time an arrival spends in the system 




(x-A 

Note : These formulas have been derived on the assumption that probability 
distribution of inter-arrival and servicetimes are both exponential and FIFO is the 
queue discipline. 

An explanatory Note on the Queuing Formulae 

The ratio A//x is called the traffic intensity or the utilisation parameter and 
it is the measure of the degree to which the capacity of the service station is utilised. 
For example, if customers arrive at a rate of 18 per minute and the service rale is 

18 

20 per minute the utilisation of the service facility is =90%. Thus if the service 

facility is kept 90% of the time busy what is the probability that the service station 
remains idle ? Clearly this probability symbolised to P,= 1— A/[x=0.1. 

As Pq is defined, it must also be probability that a customer^ upon the ran- 
dom arrival, will not have to wait at all for service. This definition also suggests 
that the probability of having one customer in the waiting line (excluding the one 

being served) is — Pn 

Now the 3 formulae for the queue length and the 3 for waiting time given 
above have been derived by making use of'(i). We shall endeavour to explain 
what each of these 6 formulae stand for. 


3. Average length of waiting line 

This stands for the queue length from time to time, the unit being served 
having to be excluded. For example, consider that a statistician observes the queue 
almost a service facility after every I hour and the queue for the 6 observations are 
as below : 





*^ 8180(18 for a unjt or customer and stand for the service facility. 


Observation No. 
1 

2 

3 

4 

5 

6 


QUEUE 


* * « 


• * 


* * 


Service Facility 

* 


None 

Average 


length 

5 

3 

2 

0 

2 

0 

12/6«2 


The meaning of the aforesaid average queue length =2 should now be clear. 

4. Average length of non-empty qu€ues=^~~. 

This average would be computed from observations 1, 2, 3 and 5 only since 
upon observations 4 and 6 the queue was empty (even though upon observation 4 
there was a unit being served). For the above situation, then, this average. 

=(5+3+2+2)/4=3 

5. Average no. of units in the system = — 

{i — A 

For the above situation, this average 

_ .(5+l)+(3+l)+(2+l)+(0+1)+(2+l)+(0+0) _ 17 

6 b 

6. Average waiting time of an arr/va/= — ■ 

Some arrivals will have to wait, others would not have to wait when there is 
no unit in the system. Assume that the waiting times of 10 units observed were as 
below : 

15, 10, 2, 0, 0, 5, 0, 20, 8, 0 


4 . 





This average, then, is the sum of all these divided by 10=60/10=6. 

7. Average waiting time of an arrival who waits= ■ 

In the above 10 times we would ignore zeros for computing this average 
(=60/6=10). 

8. Average time an arrival spends in the system =- ^^ - . 

The above 10 times would not apply here. Now we are interested for each 
units, waiting time+servicing time and this average would be given by 

2 (waiting time + servicing time)/N, where 

N is the number of observations. Here even if waiting time is zero we would not 
ignore it in computation of this average time. 

Solved Examples on Queuing 

Example 1 

A TV repairman finds that the time spent on his job has an exponential dis- 
tribution with mean 30 minutes. If he repairs sets in the order in which they come 
in, and if the arrival of sets IS approximately. Poisson with an average rate ot 10 
per 8-hour day, what is the repairman’s expected idle lime each day ? How many 
jobs are ahead of the average set just brought in ? 

Solution : 

p— =2 service/hour 

A= — arrival/hour 
6 



is the probability of the repairman being idle. 

10 



Hence the idle time in the 8-hour day. 
3 

= -o-x8=3 hours 


Note : If the arrivals in the unit time arc Poisson distributed it can be 
proved mathematically that the inter arrival times follow exponential distribution so 
that we can make use of formulas given above. 

Average no. in the system 
A 



si 


10 


I (Answer) 

8 


Example 2 

Customers arrive at a box office window, being, manned by a single indivi- 
dual according to a poisson input process with a mean rale of 30 per hour. The 
time required to sei ve a customer has an exponential distribution with a mean of 90 
seconds. Find the average waiting time of customer. 

Solution : 


A=>30 per hour 
60 X 60 


{> = 


90 


=40 per hour. 


Average waiting time of a customer 

A 30 


(j((j.-A) 4U(,40-3U) 

3 


40 


hrs. 


=4.5 nun. (Answer) 


Example 3 


Arrivals of mechanists at a tool crib are considered to be Poisson distributed 
at an average rate of 6 per hour. The length of time the mechmists must remain at 
the tool crib is exponentially distributed with the average time being 0 05 hours. 

(a) What is the probability that a mechimst arriving at the tool crib will 
have to wait ? 

(b) What is the average no. of mechinists at the tool crib ? 

(c) The company will install a second tool crib when convinced that a 
machinist would have to spend 6 minutes awaiting and being served at the toov 
crib. By how much time the flow of machinists to the tool crib should increase to 
justify the addition of a second tool crib ? 

Solution 3 

' A=6pcrhr. 




1 

0.05 


20 per hr. 


( 8 ) 


1-Po 



_0.3 (Answer) 





(b) Average tjo. of mcchinists at the tool crib. 


X _ 6 
“(i-A ""20— 6 


=0.43 


(c) A'=? 

Average time an arrival spends in the system 

6 _ 1 
60 (i— A' 

A'=10 per hour. 


Example 4 

Customers arrive at a window drive in a bank according to poissons distri- 
bution with mean 10 per hour. Service time per customer is exponential with mean 
S minutes. The space in front of the window including that for the serviced car, 
can accommodate a maximum of three cars. Other cars can wait outside this 
space. 


(a) What is the probability that an arriving customer car drives directly to 
the space in front of the window ? 

(b) What is the probability that an arriving customer will have to wait out- 
side the indicated space ? 

(c) How long is an arriving customer expected to wait before starting 
service 7 

Solution : 

A= 10 per hour 


(.) P.+P.+P.- ( 1- i-^)+(-^)’( i-f) 


c:0.42 (Anawer) 


(b) 

-1— 0.42-0.58-P, 



f 


ss 

XO.IO 

A l-Po-Pi-P,—P,‘=’0.58-O.IO 

=0.48 (Answer) 

(c) Expected waiting time of a customer 

“ Kfbi)- 12(12^10) = (*■•»") 


Ezuuple 5 

A repairman is to be hired to repair machines which break down at an 
average rate of 3 per hour. The breakdown follow Poisson distribution. Non pro- 
ductive time of a machine is considered to cost Rs. 10 per hour. Two repairmen 
have been interviewed— one is slow but cheap, while the other is fast but expensive. 
The slow repairman charges Rs. 5 per hour and he services breakdown machines at 
the rate 4 per hour. The fast repairman demands Rs. 7 per hour, and he services 
at an average rate of 6 per hour. Which repairman should be hired 7 

Solution t 


Cost of idle machine hour 
=Rs. 10. 

Slow Repairman : 

(j.=4. 

Hourly charges ^Rs. 5 
Average no. of units in the system 


Machine hours lost in a 8-hour shift 
■=3x8=24 machine hours. 

Total cost=hire charges of repairman -{-cost of idle machines. 
■=5x8-|-24xI0=Rs.280. 

Fast repaisman ; 


Hourly Charges^Rs. 7. 



Average number of units in the system 

-1 

- ;,_A “ 6-3 

Machine hours lost in 8-hour shift. =1 X 8=8. 

Total Cost=Hire charges+Cost of idle machines 
= 7x8-1-10x8 = 136. 

Obviously, then, the fast repairman should be engaged. 

Example 6 

Western National Bank is considering opening a dnve-in window for cus- 
tomer service. Management estimates that customers will arrive for service at the 
rate of 15 per hour. The teller whom it is considering to staff the window can 
service customers at the rate of one every three minutes. 

Assuming Poisson arrivals and exponential service, find 

1. Utilisation of teller 

2. Average number in the waiting line 

3. Average number m the system 

4. Average waiting time in line 

5 Average waiting time m the system. 


Solution : 

The average utilisation of the teller 

r,— ^ — —T‘iO/ 

■=p=ir= 20 

The average number in the waiting line 

X’ 15° 

A; “ 20^20 — ia> 

The average number in the system is 

A 15 , , 

_ ^ — - =3 customers 

jx-A 20-15 

Average waiting time in the hne is 

Average waiting time in the system is 
1 1 


=2.25 customeri 
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Example 7 

Arrivals at a telephone booth are considered to be Poisson with an average 
time of 10 minutes between one arrival and the next. The length of a phone call is 
assumed to be distributed exponentially, with mean 3 minutes. 

(a) What is the probability that a person arriving at the booth will have to 

wait ? 

(b) What is the average length of the queues that form time to time ? 

(c) The telephone company will install a second booth when convinced that 
an arrival would expect to have to wait at least three minutes for the phone. By 
how much the flow of arrivals be increased in order to justify a second booth ? 

Solution : 


(a) arrivals per minute. 

-^=0.33 units per minute. 
Probability of no (i.e. zero) unit in the queue 



Probability of one or more units m the queque 

^1-P„= (Answer) 

(b) Average length of the queue that form from time to time i.e. average 
length of nonempty queues 

” = 0 

(c) Average waiting time of an arrival 

Now find V. 

Exercise 1 

Data have beeiv accumulated at a banking facility regarding the waiting time 
for delivery trucks tb be loaded. The data show that the average arrival rate for 
trucks at the loading dock is 2 per hour. The average time to load g truck, using 
2 loaders, is 10 minutes, so the service rate is 3 trucks per hour. 
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Find (i) the expected number of trucks in the system, 

(li) the expected number of trucks waiting to be served, 

(iii) the expected time that a truck is in the system (including waiting and 
loading), 

(iv) the expected time in the waiting line, 

(v) the probability that a truck has to wait for service ; and 

(vi) the probability of no units in the system. 

Answer < (i) 2 (ii) 1.33 (iii) 1 hr 

(iv) 0.667 hr (v) 0.667 
(vi) 0.333 


Exercise 2 

(In continuation to exercise 1) the management is considering hiring another 
loader at Rs 5 hour to reduce the loading time. Drivers are paid Rs. 4 per hour, 
and truck utilisation is valued at Rs. 3 per hour. Should the additional loader be 
hired if an increase in the service rate to 4 trucks per hour would result ? 

Answer : Rs. 2 per hr. saving with new loader. 

PART- II 

STATISTICAL EVALUATION OF PROGRAMMES & PROJECT 

In this Part the topic of strategic decisions has been explained mainly by 
means of numerical examples. 

After a few solved example on the mcxl/nl/j, /Moxi/wc.r and expected pay off 
criteria to refresh the student’s knowledge of statistics and build a foundation for 
further material, this part deals with the empirical and binomial distributions of 
the “states of natures” facing a decision-maker for cboos'ing the appropriate 
strategy. There are, therefore, several numerical examples dealing with the 
expected value of perfect information which is a maximum limit to the costs that 
a rational decision-maker would be willing to incur on sampling enquiry. The pro- 
blems are at once of practical nature which usually obtain m business situations. 
The student, however, should bear in mind that the alternatives suggested by the 
statistical analysis may be set aside by the decision-maker on extraneous considera- 
tions. For example, the decision-maker may also be concerned with the psychologi- 
cal effects of the various strategies. 

Introduction. In business situations the decisions have usually to be made 
under uncertainty ; a choice of action most be made even though its outcome is 
unknown and determined by chance. The presence of uncertainty and risk makes 
the decision statistical. 
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. . his Intcf'Stat (in Study VIII) the student was fataUnrised with the 

statistical decision theory m an elementary manner. 

We shall recapitulate that material by the following few examples for pro- 
ceeding with more practical problems. 

Example 1. An independent bicycle repairman has an opportunity to purchase a 
stock of discontinued bicycles. They were originally supposed to be 
sold for Rs. 200 each. The repairman is offered all five for Rs. 300 
which makes his cost for each bicycle Rs. 60. If he sells them he 
believes be can get Rs. 150 for each bicycle thereby making Rs. 90. 

There are two strategies (1) either to buy all the discontinued bicycles or 
(2) not to buy them. There are six states of nature ; state of nature representing 
the consequences of factors beyond the control of the decision-maker. These 


being the demand for 0, 1,2, 3, 4, 5, 

bicycles. The pay-off table is constructed 

below 



State of Nature 
i e. 


Strategy 

Demand 

1 (Not buy) 

II (Buy) 

e 

fli 


0 

0 

-300 

1 

0 

-150 

2 

0 

0 

3 

0 

150 

4 

0 

300 

3 

0 

450 

The pay-ofifs for the two strategies having been obtained from the following 

pay-off equations : 



Qai=fli+bi. 9=0 

f 

Tnitial investment 

Qo,=fl,+b,. 9= -300-1-150 6 
These are the profit pay-offs. 

\ 

•contTibution/unU 


The opportunity loss or regret table can be obtained for the above matrix by 

the rule 


‘Tor each state, find the pay-off of the optimum strategy. Subtract it from 
pay-off in that row. Retain the absolute volume of the difference as the regret or oppor- 
tunity loss for having adopted that particular strategy". 



Regret Tabic 




a. 

0 

0 

300 

1 

0 

150 

2 

0 

0 

3 

150 

0 

4 

300 

0 

5 ' 

450 

0 

There are two measures of pay-off either in terms of profit of the opportunity 
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loss associated with each state end strategy. 

The problem may be extended. Let us say the repairman has the option of 
buying any number of the discontinued bicycles. Now he has six strategies and six 
states of nature. The pay-off table is constructed below : 


G 




^4. 



0 

->0 

-60 

—no 

-180 

—24Q<- 

—300-1- 

1 

0 

90 

30 

—30 

-90 

-150 

2 

0 

90 

180 

120 

60 

0 

3 

0 

90 

180 

270 

210 

150 

4 

0 

90 

180 

270 

360 

300 

5* 

0* 

90* 

180* 

270* 

360* 

*450 

Average 

0 

65 

105 

120 

no 

75 


The student is familier with the maximin, maximax criteria 


Maximin is the pessimistic strategy. In the pay-off table is indicated an 
arrow against the minimum pay-off of each strategy. The maximin of these mini- 
mums IS 0 under strategy a, which, therefore, is the maximin or the pessimist’s 
strategy. The decision maKer, with the knowledge of this-pay-off table, thinks pess- 
imistically that the demand would be at its worst that is 0 and he goes m for 
that ensures no loss, with this thinking. 

Maximax is the optimistic strategy. In the pay-off table above is indicated 
a asterisk against the maximum pay-off of each strategy. The maximum of these 
maximums is 450 under strategy a, which, therefore, is the maximax or the optimists’ 
strategy. The decision-maker, with the knowledge of this pay-off table thinks opti- 
mistically that the demand would be at best that is S and be goes in for a, which 
ensures highest pay-off with this thinking. 

A firm in a miserable financial position would tend to adopt maximin stra- 
tegy to play safe as it ensures the least loss. If, for example, it goes in for it 
may, with some probability earn a pay-off of 360 ; but there is also some probability 
that it ends up with a pay-off— 240 which may ruin it. Likewise, a firm in a happy 
financial position would adopt with an eye on a handsome pay-off of 450 although 
it can with some probability suffer a loss of 300 which it is in a position to absorb. 

The above table is converted into the opportunity loss or the regret tabic 

below : 



Ol 

o» 

Os 

0* 

Os 

Os 

0 

0 

60 

120 

180 

240 

300 

1 

90 

0 

60 

120 

180 

240 

2 

180 

90 

0 

60 

120 

180 

3 

270 

180 

0 

0 

60 

120 

4 

360 

270 

180 

90 

0 

60 

5 

Expected 

450 

360 

270 

180 

90 

0 

Regret 

225 

160 

120 

105 

115 

150 
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For this case expected regret of strategy O 4 is minimum. This strategy may 


be adopted. 


This assumes that each state has the same prob= 


6 


Example 2. Given the following pay-ofF function for each act Oj and 
Qai= -30+50* 

Qa,=- -90+20* 

(f) What is the break even value of * ? 

(W) If *=10, which is the better act ? 

(Hi) If *=10, what is the regret of the poor strategy ? 

(iv) If *=— 5 which is the better act ? 

(v) If *=— 5 what is the regret of the poorer strategy ? 

Solution : Equating Qa^ and Qn, 

—30+50*=— 90+20* 
or *=— 2 

•.* —2 IS the break even point. 

(it) Substituting *=I0 in Qa, and Qa. 

Qai=470 

Hence oi is the better strategy. 

(Hi) Regret with *= 10 is 470 — 1 10=360 

This happens when strategy ^ adopted. 

(iy) for*=— 5 2 ^ 1= —280 

-190 

• Oj is the better strategy. 

(v) Regret in (/v)=90=(+280— 190) 

Probabilities in Decision-making : The ^rational criteria considered 
ibove could be taken as a stepping stone for this chapter. Equal weightages or 
irobabilities were assigned to each of the state to derive expected pay-offs under 
lifferent strategics. Asa matter of fact, it can be generalised that even Maxima* 
ind Maximin criteria also involve probabilities insofar as probability of 1 is assigned 
0 one state and zero to the other states. 

Obviously decision-making could be improved if the probability distribution 
if all the state were known. 

The associated probability with each state may either be guess-estimated 
ubjectively, derived empirically from past records or on the basis of a sample result. 
Empirically derived probability distribution is called a priori distribution. Subjective 


'Expected pay-off or regret is known as the rational criterion and is generally used when 
pcolMbilities of states of nature are known. 
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prior distributiom gaesi estimate are aol to be discarded as useless and unsdentiBc, 
Businessmen usually develop sound intuition of the various possibilities of a parti- 
cular state occurring by taking into account a large number of facton, 

Newaboy’a Problem ] 

Example 3. Consider a newsboy’s problem who buys newspapers every day in bulk. 

The surplus^ at the end of the day, has to be disposed of at a very 
cheap rate. Also, in the case of bis purchases falling short of the < 
day’s demand would result into regret in the tense discussed above 
newspaper costs him 5 N.P. ITie newsboy, aided by a statistician, 
keeps records of actual papers sold for the last 50 days tabulated 
below : 


No. of papers demand 

14 

15 

16 

17 

18 

19 

20 

No. of Days of frequency 

4 

11 

10 

7 

7 

6 

5 

Probability 

0.8 

0.22 

0.20 

0.14 

0.14 

0.12 

0.10 


It IS assumed that the 50 days’ statistics adequately describe the probabilities. 
Newsboy’s problem is to find the optimum number of papers to buy each day. He 
sells a newspaper for 10 N.P. 


Solution : The pay-off function may be described as follows : — 

Oa<=5<7< N.P. for 

Qo,={10e,-5a,} N.P. fora,>e, 

here represents the strategies available to the newsboy, i.e., Oi might represent 
pureWe of 14, a, the purchase of 15 and on. 

Similarly 0, represents the J states i.e., Bj might represent the demand for 14 
papers, Bj for IS papers and so on. 

Pay-off table is constructed below, together with the empirical probability 
distribution of 6 which has been derived from records of actual sales during the last 
50 days. 

The pay-off table is followed by a Regret Table by the conversion rule stated 

earlier. 


Pay-off Table 


States 

6 

Prob 

<*1 

a* 

0 , 

«4 

0 * 

0 . 

07 

F 

14 

15 

16 

17 

18 

19 

20 

61=14 

0.08 

70 

65 

60 

55 

50 

45 

40 

6s,=15 

0.22 

70 

75 

70 

65 

60 

55 

50 

fi.=16 

0.20 

70 

75 

80 

75 

70 

65 

60 

04=17 

0.14 

- 70 

75 

80 

85 

80 

75 

70 

e*=i8 

0.14 

70 

75 

80 

85 

90 

85 

80 

B,= 19 

0.12 

70 

75 

80 

85 

90 

95 

90 

e,=20 

6.10 

70 

75 

80 

85 

90 

95 

100 

\ 


70 

74.2 

76.2 

76.2 

74.8 

72 

68 
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Tlie bottom row gives the expected pay-off against each strategy t 
(Qaa) ) -=60x0.08+70x0 22+80x0.20 

J +80 x 0.14+80 x 0.12 +80x 0.10»76.2 


76.2 


Thus 16 or 17 is the optimal number with the highest expected 
each. 


pay-off of 


The regret function for the problem would be 
0) Ra<BS(a<— 6y) N.P. for 

N.P. for0|<8^ 


Regret Teble 


e 

P(e) 

Oi 

at 

at 

at 


a. 

at 

14 

IS 

16 

17 

18 

19 

20' 

14 

0.08 

0 

5 

10 

15 

20 

25 

30 

IS 

0.22 

5 

0 

5 

10 

IS 

20 

25 

16 

0.20 

10 

S 

0 

5 

10 

15 

20 

17 

0.14 

15 

10 

5 

0 

5 

10 

5 

18 

0.14 

20 

15 

10 

5 

0 

5 

10 

19 

0.12 

25 

20 

15 

10 

5 

0 

5 

20 

O.IO 

30 

25 

20 

15 

10 

5 

0 


E(R) 

14 

9.8 

7.8 

7.8 

9.2 

12.2 

16 0 


Regret js obviously zero when 6^— fl|, when at>% the newsboy will regret 
over the left overs and when at<9f he would regret for being out of stock when there 
was demand for more newspapers. 

The expected regret IS least for 16 or 17 newspapers ordered and is equal 
to 7.8.. (Also see p. 75 for alternative method). 

Example 4. An investor was considering stock purchases in two companies. 
He determined the following pay-off table contingent upon whether Company A or 
B wins a competition for share of the market. 

Strategies 


State Oi (Invest in A) a, (Invest in B) 

c> 6| t A wins out 30 0 

6i I B wins out 40 80 

(a) What is the maximin strategy 7 the maximax strategy ? 

(b) At what probability of A’s winning out is the expected vtiue of the two 
strategies the same 7 

Solatlen f 

<a) Maximin Strategy ; Invest in A with pay-off of 30. 





Maximax Strategy : Invest in B w'ith a pay-off of 80. 

(b) Let p the required probability. 

30p+40(l -p)=0/»-i-80(l-/)) 
or 70p=40 
/.e.,p=4/7. 

Expected value of Perfect Information (E.V.PI) ; Assume for a 
moment that the newspaper boy in the regret table on pa^ 66 knows with 
certainty what the demand ii going to be. He would naturally choose the strategy 
that has zero regret against this known demand or state of nature. If he is faced with 
such a situation over and again he would always choose the strategy having zero 
regret provided, of course, he always knows beforehand what the demand is going to 
be each time. With such perfect information his regret in the long run would be zero. 
Without this perfect information he would always go in for the strategy with optimal 
regret. In other words, the expected regret of the optimal policy is the E V.l-’.I. Now, 
how the newspaper boy can get perfect information ? He can nndertake a sample 
survey and ascertain the magnitude of demand. The larger the sample size the more 
the precision. But the maximum he can expend on sampling is the EVPI(=a7.8 in 
this case). More than this should he never spend in buying perfect information i.e., 
sampling etc. 

Exsunple 5. A company has an opportunity to computerize its records 
department. However, existing personnel have job security under a union agreement. 
The cost of the three alternative programmes for the changeover depend upon the 
attitude of the union and are estimated below t 


Attitude of 

General 

Selective 

_Hire new 

Union 

Retraining 

Ol 

Retraining 

employees 

o. 

01, Antagonist 

940* 

920* 

•900 

0„ Passive 

81U 

800 

820-f- 

0,, Enthusiastic-*- 

700 

710<*- 

860 


{a) What is the minimax strategy 7 the minimin strategy ? 
(b) Construct the opportunity loss table. 


(c) The probabilities of states are expressed at 0.5, 0.3 and 0,2 respectively. 
Find the expected cost of each act. 

(d) Given the above probabilities, what is the expected value of perfect 
information ? (Expected value of Perfect Information- Regret of opti- 
mal strategy. 

Solution : The table of this problem gives cost and not pay-off. 

Therefore minimax and minimin criteria are applicable here and they cor- 
respond to maximax and maximin criteria in pay-off tables explained earlier. 



(a) Minimax Strategy, a, pay-ofif=900 
Mmimum Strategy, a, pay-off=700 

(b) Opportunity Loss or Regret Table 




"2 


P(0)=0.5 

40 

20 

0 

0.3 

10 

0 

, 20 

02 

10 

10 

160 


(c) Expected cost of a, 

940x0.5+810x0.3+700x0 2=853 
Expected cost of a, 

920x0.5+800x0.3+710x0.2=842. 

Expected cost of a, 

900x0.5+820x0.3+860x0.2 

=450+246+172=868. 

Expected opportunity loss of aj 

=40X0.5+10X0 3+0=23. 

Expected opportunity loss of 

=20x0.5+0+10x0.2=12 (is also expected value of perfect 

information). 

Expected opportunity loss of a, 

=0+ 20 x 0.3+ 160 x 0.2= 38. 

Example 6. A TV dealer finds that the cost of a TV in stock for a week is Rs. 20 
and the cost of a unit shortage is Rs. 50. For one particular model of TV the 
probability distribution of weekly sales is as follows : 

Weekly Sales 0 1 2 3 4 5 6 

Probability 0 10 0.10 0 20 0.20 0.20 0.15 0.05 

. How many units per week should the dealer order ? Also, find EVPI. 
Solution : The cost matrix is constructed below. Also derived from it are the ex- 
pected costs for the various strategies ; 

Demand prob. Strategies (Buy so many) 




0 

1 

2 

3 

4 

5 

6 

0 

0.10 

0 

20 

40 

60 

80 

100 

120 

1 

0.10 

50 

20 

40 

60 

80 

100 

120 

2 

0.20 

100 

70 

40 

60 

80 

100 

120 

3 

0.20 

150 

120 

90 

60 

80 

lOu 

120 

4 

0.20 

2' 0 

170 

140 

110 

80 

100 

120 

5 

0.15 

250 

220 

190 

160 

130 

100 

120 

6 

0.05 

300 

270 

240 

210 

180 

150 

120 

Expected 


147.5 

122.5 

102.5 

92.5 

92.5 

102.5 

120 


Thus either buy 3 

or 4. 






1o 

ALTERNATIVELY 

(Implying profit of Rs. 50 per TV for the shortage cost of Rs. 50) 
The pay-off matrix is compiled below. 


Demand 

Prob. 

0 

1 

Strategies (Buy so many) 

2 3 4 5 

6 ■ 

0 

0.10 

0 

-20 

—40 

-60 

-80 

-100 

-120 

1 

0.10 

0 

30 

10 

-10 

-30 

-50 

-70 

2 

0.20 

0 

30 

60 

40 

20 

0 

-20 

3 

0.20 

0 

30 

60 

90 

70 

50 

30 

4 

0.20 

0 

30 

60 

90 

120 

100 

80 

5 

0.15 

0 

30 

60 

90 

120 

150 

130 

6 

0.05 

0 

30 

60 

90 

120 

150 

ISO 

Ex. 


0 

25 

45 55 55 

Thus buy 3 or 4. 

45 

27.5 


EVPI (from the cost matrix). 


Demand 

Prob. 

Min. cost 

Cost under certainty 

Col. (1) 

(2) 

(in cost matrix row) 

(4)=(2)x(3) 



(3) 


0 

0.10 

0 

0 

1 

0.10 

20 

2 

2 

0.20 

40 

8 

3 

0.20 

60 

12 i 

4 

0.20 

80 

16 

5 

0.15 

100 

15 

i 

0.05 

120 

6 




59 





i'htis EVPI=92.5--59=33.5 (Answer) 


EVPI (from the Pay-off Table) 


Demand 

Prob. 

Max. Pay-off under certainty 
(from Pay-off matrix row) 

Col. : (1) 

(2) 

(3) 

(4)=(2)X(3) 

0 

0.10 

0 

0 

1 

0.10 

30 

3 

2 

0.20 

60 

12 

3 

0.20 

90 

18 

4 

0.20 

120 

24 

5 

0.15 

ISO 

22.5 

6 

0.05 

180 

9 

88.5 


Thus EVPr=88.5-55=33.5 (it tallies). 

Example 7. Following are the records of demand of an item for the past 


QsDemand in units 

No. of days 

Prob. (0) 

10,000 

18 

0.06 

11,000 

90 

0.30 

12,000 

120 

0.40 

13,000 

60 

0.20 

14,000 

12 

0.04 


300 

1.00 


— — 

— 

(/) What is the expected demand 7 

(U) It costs Rs. 15 to make an item which sells for Rs. 20 normally b 

the end of the day any surplus has to be disposed at 

Rs. 10 per 


What is the optimum output ? 


Item 


Solution: Expected demand c= 10x0.06=0.60 

= 11x0.30=3.30 
-12X0.40=4.80 
-13x0.20=2.60 
=14x0-04=0.56 
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Expected dcniand= 1 1 ,860 (Anawer) 

The daily output profit matrix is coustructed below : 


m 

\ 

10 

11 

12 

13 

14 

0.06 

10 

50 

45 

40 

35 

30 

0 30 

11 

50 

55 

50 

45 

40 

0.40 

12 

50 

55 

60 

55 

50 

0.20 

13 1 

50 

55 

60 

65 

60 

0.04 

14 

50 

55 

60 

65 

70 

Expected 

1 

50 

54.4 

1 

55.8 

53.2 

48.6 


Demand of 12,000 is the optimum with an expected pay-off of 55.8 x 1000=» 
55,800 rupees. 


Example 8. The sales manager of Beta Co. is highly experienced in the fad 
market. He is sure that the sales of JUMBO (during the period it has special 
appeal) will not be less than 25,000 units. Plant capacity limits total production to a 
maximum of 80,000 units during JUMBO’s brief life. According to the sales mana- 
ger, there are 2 chances in 5 for a sales volume of 50,000 units. The probability that 
it will be more than 50,000 is four times the probability that it will be less than 
50,000. If sales exceed 50,000 units volumes of 60,000 and 80,000 are equally likely. 
A 70,000 unit volume is 4 times as likely as either. It costs Rs. 30 to produce a unit 
of JUMBO whereas its selling price is estimated at Rs. 50 per unit. Initial investment 
is estimated at Rs. 8,00,000. Should the venture of production be undertaken. 
Solution I 


and 


Prob. (50,000)=^ =0 40 

Prob. (less than or more than 50,000)>*0.60 
Prob. (less than 50,000) ; Prob. (More than 50,000) 

Thus Prob (less than 50,000) «= 0.60 x * 


1 :4 


1+4 


Prob (More than 50,000)=0.60x 


1+4 


= 0.12 


=0.48 


Prob (60,000) : Prob (70,000) : Prob (80,000) : : 1 : 4 : 1 
Thus Prob (60,000)a>0.48 X , r \ rT^-=0 08 


Prob (80,000)«0.08 
Ptob 70,Q00> 


1+4+1 


1+4+1 

X0.48«0.32 




Now we have complete probability distributioo of sales except that for sales 
less than 50,000 we have a summarised probability of 0.12. The payoff matrix is 
compiled below. We used 2S,000 in place of less than 50,000 as the worst contin- 
gency. 


Demand 

Prob. ^ 

< 50,000 (take 
It 25,000) 

1 

50,000 

60,000 

70,000 

80,000 

>50,000 
(worst 25,000 

0.12 

500,000 

-25,000 

-55,000 

-85,000 

-115,000 

50,000 

0.40 

500,000 

1,000,000 

70,000 

40,000 

10,000 

60,000 

0.08 

500,000 

1,000,000 

120,000 

90,000 

60,000 

70,000 

0.32 

500,000 

1,000,000 

120,000 

140,000 

110,000 

80,000 

0.08 

500,000 

1,000,000 

120,000 

140,000 

160,000 

Expected Pay off 

500,000 

1 

! 850,000 

t 1 

79,000 

i 




This exceeds 800,000 the initial investment ; therefore, the venture ought to 
be undertaken. 

Exercises 

1. Assume a merchant dealing in high fashion apparel must decide how 
many fur coats to rush order. Since the demand for the coats is caused by a fad, 
the merchant believes he will only be able to place one order : and if the coats are 
not sold within several weeks they will have no market value. The coat costs Rs. 400 
and sells for Rs. 800, and the estimated demand function is ; 

Demand Probability of demand 

3 0.1 

4 0.2 

5 0.3 

6 0.25 

7 0.10 

8 0 05 

1.00 

(a) Construct the pay-off matrix ann find the optimal order size for the coats 

(AflHswcr^ 

(h) Also construct the opportunity loss table and verify solution to part (a). 
What if the EVPI as read from the opportunity loss table. 

(Answer t Rs.400!i 






i lodicate which of the followiag tcts are inadminibte and aniga reasons 
for the same. 


Events 

•di 

Acts 

At 


At 

E, 

100 

101 

50 

25 

80 

30 

20 

10 

E, 

20 

19 

40 

—5 


Answer. Ai is inadmissible because Ag bss higher maaimuxo as well as the 
minimum Pay-ofT. 

Ai is not Inadmissible because of a higher minimum pay-off compared with ' 
Ag. Although it has equal minimum pay-off compared with Ag the former is prefer- 
able because of a higher maximum pay-off compared with Ag 

3. Decide in following situations ; 

Events Acts 

Ai Ag 

£, 1 -2 

Eg -1 100 

(/) Which act gives the maximum pay-off ? 

(//) What is the expected pay-off if the event probability of Event Eg is. 99. 

(i/i) Which act has maximum pay-off if the event probabilities are equal. 

[Answer. (/) A^, (//) Ai==98 and 98, (///) choose Ag with 49.J 

4. A farmer wants to decide about the crop to be raised on his 100 hectare 
farm. The followiag arc the yields of crops depending on weather condition : 

Yields (quintal hectare) 


Weather condition 

Wheat j 

Barley 

1 Cram 

Dry 

50 

60 

40 

Moderate 

70 

80 

80 

Damp 

120 

40 

60 

Price (Rs ) 

120 

1 

no 

165 

per quintal 





You have to indicate : 

(a) Pay-off from each crop in terms of the cash receipt and indicate the act 
with maximum pay-off. 

(b) The expected pay-off for each crop and identify the crop which has 
maximum expected pay-off if probability of different weather conditions are : 

Dry .3 

Moderate .3 

Damp ,2 





5. Indicate minimax opportunity losa act and calculate the lowest expected 
opportunity loss from the following opportunity loss table : 



Probability 

■^1 

A 

Acts 

A 

.4 

10 

0 

20 

E, 

.3 

0 

30 

40 

E» 

r A 

.1 

■a • _ 

50 

5 

0 


[Answer. Minimax opportunity Joss act is A^. The lowest opportunity loss 
of 9 is in Aj] 


6. A milkman buys milk at Rs. 2 per litre and sells for Rs, 2.50 per litre. 
Unsold milk has to be thrown away. The daily demand has the following proba- 
bilities. 


Demand (Litres) : 46 48 50 52 54 56 58 60 62 64 

Probability : .01 .03 .06 .10 .20 .25 .15 .10 .05 ,06 

If each day’s demand is independent of previous day’s demand, bow much 
litres should be ordered every day. 

1. A university association Is considering inviting a troupe for dramatic 
performance. Tickets would be sold only to students for Rs. 3 per ticket. The fee 
for hiring the troupe is Rs. 3600. In order to estimate attendance the association 
studied records for similar events and compiled the following rate ; 


Attendance 

750 

900 

1050 

1200 

1350 

1500 


Relative frequency 
0.04 
0.06 
0.20 
0.40 
0.22 
0.08 


The total student body is of 3,000, members. Find the expected regret. 

(Answer : 171) 

An alternative apppoacli to solve the Newsboy’s problem. 

Let P (n) be the probability for demand for n units or more. 

Let MP be the profit per unit sold and ML be the loss from each .unit that is 

unsold. 

Expected profit from the sale of the nth unit=E(n)=MP. P(n)— ML 
(1— P(n) where 1— P(n) is the probability of not selling the n— th unit. 

E(n) ought to greater than zero if the n— tb unit is to fetch a profit. 


Thus E(n) > 0 

=> MP.P (n)-ML (1 -P(n)) > 0 




P(n) 


ML 

MP+ML 


Let us reconsider example 3 by this approach. 


e 

Prob. 

Cum. I 

14 

0.08 

0.08 

13 

0.22 

0,30 

16 

0.20 

0.50 

17 

0.14 

0 64 

18 

^ 0.14 

0.78 

19 

0.12 

0.90 

20 

0.10 

1.00 


ML=5 NP 
MP= 10-5-5 NP 

Ihu.P(n)=-5^ 

-0.50 

(Since P (n) is immediately less or equal 
to cum. Prob. against 6—16 and 17 
aniwer is 16 or 17. 





APPENDIX I 


tixptmeudal Smoothing 

Exponential smoothing refers to a family of forecasting models. The expo- 
nential smoothing model estimates average smoothed demand for the upcoming 
period Ft by adding or subtracting a fraction of the difference between actual 
current demand and the last smoothed average P/.i. The new smoothed average 
F, is then given by 

New smoothed average = old smoothed average-t- 

a (new demand— old smoothed average); 

When symbolized, it takes the form 

= Fi-i +“ (Di“Ft-i) ...(I) 

or F| = aDt 4-(l— a) F,-i ...(j) 

D| = actual current value of variable being forecast in 
period t. 

and a = smoothing constant. 

The value of a lies between 0 and 1. It determines the degree of 
smoothing that takes place and indicates how responsive the model is to fluctuations 
in the forecast variable. The setting of k is usually done by trial and error and is 
not a scientific method. The commonly used values of a are between 0.01 to 
0.30. 

It IS evident from the above discussion that the major advantage is that it is 
not necessary to store all the historical data for the forecasting model and compute 
average each time. Instead, exponential smoothing requires only the previous 
forecast and the actual value of the previous period. 

To illustrate, Govind Ram & Sons Company uses exponential smoothing 
to forecast energy demand on a monthly basis. Experience has shown that the 
appropriate constant to use is a<=>0.10. 

If D<=1 10 and F<-i=100, then the new smoothed average is 
F,=0.IXll0 +0.9x 100=11 0+90=101.0 
Since the new demand figure D| includes possible random variations, we are dis* 
counting 90 per cent of these variations. Obviously then, small values of a will 
have a stronger smoothing effect than large values. Conversely, large values of a. 
will react more quickly to real changes (as well as random variations) in actual 
demand. As an example, if and the previous data remain the same, the 

new smoothed average would be 

F, = 0.4 X 110 + 0-6 X 100=44-0+60=104 0 
Note that the component of current actual demands and the old average are now 
weighted quite differently, giving considerably more weight to current actual 
demand. The equation (2) actually gives weight to all past actual demand data 
though this is not obvious. This weighting occurs through the chain of the periodic 
calculations to produce smoothed averages for each period. Thus, the smoothed 
averages are based on a sequential process representing all previous actual demands. 

Generally, exponential smoothing is considered superior to the other fore- 
casting methods. Its cost is equivalent and its accuracy especially in the short term 
is better. Owing to their relatively small computational cost and computer storage 
requirement, exponential smoothing models are probably the most widely used of 
the time series techniques. For longer term forecast, however, exponential smooth- 
ing is also considered a poor technique. 

Tretsdi Effects 

The model, given by (2) above, does not take into account the seasonal or 
trend component. There exists other exponential smoothing models that compensate 
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for the venous coinpouents of a time senes such as the seasonal or trend compo* 
nent. To illustrate more complex exponential smoothing models, let us consider a 
model that has au adjustment for trend built into it If trend exists in either a 
positive or a negative form, there will be a lag if we make use of the simple expo- 
nential smoothing model just described, (see figure 1). 



The basic idea behind the trend-adjusted model is to calculate a simple, 
exponentially smoothed forecast and adjust the forecast for a trend lag. 

Mathematically; the trend-adjusted model can be described as follows : 

F,'-F,+ . T, 

Where F/= trend-adjusicd forecast for time period t, 

F,«= simple exponential smoothing forecast for time period t, 
and p => trend smoothing factor. 

Ti is computed using the following formula : 

T,=Tt-,-|-P(r,-T,-,), where r, = F,-F(-i 
Computation of a trend-adjusted forecast is a four step process. 

Step 1. Compute F(, a simple forecast for time period t. 

Step 2. Compute r, by using «= F( — F«_i. 

Step 3. Calculate the exponentially smoothed trend by using 
T, =. T,-, -f p (r,-T,_,) 

Step 4. Finally, calculate a trend-abjusted forecast by using 


Tabel 1 


Period Demand 


1 


13 

2 


18 

3 


20 

4 


17 

5 


23 

6 


25 

7 


31 

8 


30 

9 


34 

10 


35 

11 


38 
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Let us illustrate how to compute a trend adjusted exponentially smoothed 
forecast using the demand data in Table 1 and smoothing constants a and p equal 
to .3 and .25 respectively. Let the initial forecast be 12 5. The trend-adjusted 
forecast for period 2 is computed as follows : 

The first step is to compute F,. 

F, - Fi+a(Di-F,) - 12.5-f.3 (13-12.5) 

- 12.65. 

The next step is to calculate t, 

- Fg-Fi = 12,65-12.50 - .15 

T, can now be calculated assuming the initial trend adjustment is 0 1 

T.-Ti+p (/,-Ti) = 0-1- .25 (.15) =» .0375. 

Finally, the trend adjusted forecast for time period 2 can be computed. 

Fs' - F.-l- =. 12.65 +3 (.0375) = 12.7625. 

Table 2 


Time period 

Actual 

Demand 

Ft 

ti 

Tt 

Ft 

1 

13 

12,5000 

0 

0 

12.5000 

2 

17 

12 6500 

0.15000 

0.037500 

12.7625 

3 

20 

14.2550 

1.60500 

0.429575 

15.5431 

4 

17 

15.9785 

1.72350 

0.7529% 

18.2372 

5 

23 

16.2849 

3.06450 

0.641292 

18.2088 

6 

25 

18.2995 

2.01451 

0.984598 

21.2533 

7 

31 

20.3096 

2.01016 

1 24099 

24 0326 

8 

30 

23 5167 

3.20711 

1.73262 

28 7143 

9 

34 

24.4617 

1.94498 

1.78563 

30.8186 

10 

35 

28-0232 

2.56149 

1 97960 

33.9620 

11 

38 

30.1162 

2.09304 

2.00796 

36 1401 

12 

39 

32.4814 

2.36513 

2.09725 

38 7731 


/^CTl'AL 



Tifvir 

Fig. 2 


2 
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Doing the same calculations for the remaining time periods for the time 
series date shown in Table I results in trend adjusted forecast are reflected in 
Table 2. Fig. 2 graphically contrasts the unadjusted and adjusted forecast for the 
time series in Table 2. 


Ex. Consider the set of data values in Fig. 2 


X 

y 

X 

y 

100 

37 

60 

46 

70 

43 

50 

45 

30 

35 

20 

26 

40 

33 

10 

26 

80 

56 

90 

53 


Now assume that the variable referred to as x is really time and that we 
associate the x values 10, 20, 30 and so on with th^ values 1, 2, 3 and so on. 

(<i) Would you expect the exponential smoothing model 

Fj = a Di +(1— a) F( to produce a goodfit for these data ? Why 7 

(b) What relationship would you expect to hold between S, and Y» ? 

(c) Suppose a was originally set equal to O.S, would you increase or 
decrease « to get a better fit solution. 

Solution : Consider the scatter diagram for the viven data. 


Fig. 3. 

(a) The scatter diagram shows that Y appears to increase with t. Since the 
model F< •• a D,+ (1— «) Ft_i Is designed for systems in which varia- 
tions in Yt occur at random (that is, where there is not a regular 
patter of change) the model will probably not produce a very good fit. 

(b) One wo^d expect F* to be smaller than Dt because Ft is a weighted sum 
of terms, most of which are less than or equal to Yt. 

(o) One would expect a better fit by increasing the value of « since this puts 
more w^t on the moat recent, and thus larger, values of Y. 
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APPENDIX 

AREA UNDER STANDARD NORMAL CURVE 



- 

o 

r 

J 

3 

4 

i 

6 

7 

9 

V 

0 

0000 

0040 

0080 

012(1 

0)00 

0lP9 

reso 

0279 

0319 

0359 

1 

03«^ 

0458 

(H78 

0517 

0557 

0596 

0636 


0714 

0753 

2 

0'^'3 

0032 

C87I 

09(0 

0948 

0987 

1026 

1061 

1103 

1141 

S 

1179 

1217 

1255 

1293 

1331 

1360 

1406 

144') 

)4«0 

1517 

» 

1554 

1591 

1628 

1664 

1700 

1736 

1772 

1606 

lb44 

1671 

.5 

1915 

1950 

1985 

2019 

2054 

2008 

2123 

2157 

2(90 

2?2l 

.fl 

2257 

2291 

tSff 

2357 

2389 

2422 

2454 

2486 

2517 

2549 

f 

2500 

2611 

2642 

2673 

2703 

2734 

2764 

2791 

2823 

205} 

8 

2BHI 

2910 

2939 

2967 

.2995 

3023 

3051 

3078 

3 lilt. 

3133 

9 

9159 

3186 

3212 

3238 

3264 

3289 

3315 

3310 

Jitb 

3389 

1 9 

.3413 

8438 

3461 

3485 

3508 

3531 

3554 

3577 

3599 

3621 

l.l 

3643 

3««5 

3606 

3708 

3779 

3749 

5770 

3790 

3810 

3630 

l.l 

3049 

3869 

3088 

3907 

3925 
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Linear Programming 

Linear programming is a mathematical technique for determining the optimal 
allocation of resources and obtaining a particular objective when there are alterna- 
tivc uses of the resoures : money, manpower, materials, machines and other facili- 
ties. The objective in resource allocation may be cost minimisation or inversely 
profit maximisation. The technique of linear programming is applicable to problems 
in which the total effectiveness can be expressed as a linear function of individual 
allocations, and the limitations on resources give rise to linear equalities or inequa- 
lities of the individual allocations. The adjective : linear, is to be particularly noted. 
It implies that all the limitations or constraints and the objective must afford expres- 
sion as linear functions 

Although the technique of linear programming is applicable to all such 
problems there are some more easy methods for solving specific categories of prob- 
lems. Special algorithms have been evolved to ease up computational task. The 
algorithms have acquired special names of their own. This has led to the following 
categories of the linear programming problems 

(i) General Linear Programming problems. 

(//) Transporation Problems, 

(ill) Assignment Problems. 

General Linear Programming Problem 

An examination of the following simple example should illustrate the basic 
concepts of a linear programming problem (abbreviated as LPP). 

Example 1. A small scale industry manufactures two products, and X, 
which are processed in the machine shop and the assembly shop The times (in 
hours) required for each product in the shops are given in the matrix below. Profits 
per unit arc also given along. 

Machine Assembly Profit unit 

Product Xj 2 4 Rs. 3 

Product X, 3 2 Rs. 4 

Total time available 16 16 

(in a day) 

Assuming that there is unlimited demand for both the products how many 
units of each should be produced every day to maximse total profit ? 

Let Xi and Xt be the number of units of X, and Xi respectively that maxi- 
mise the profit. The profit objective function to be maximised may be expressed, 
symbolically as 

Z-3Xj-f-4x, 

which is subject to ^ 2xfi-f-3x,<16 Machnining constraint 

4xi+2xt<]6 Assembly constraint 
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Also, X, >0, Xj>0 since non-negative units of any product is meaningless. 
By analogy the general linear programming problem can be defined as 

Maximize (or minimize) Z=CiXi-f-c^g-|- +c»x» subject to 

+ +flinXn«= >)/»! 

+atjX^+ 

and the non-negativity restrictions 
Xj>0 where ;=1,2, n 

Also, all c’s, b's and fl,/j are constants and x/j are variables. 

We have used (>^ = », which means any one of the signs could be there. 
The linear function that is to be optimised is known as the objective function. 
Conditions are called the constraints. Solving a linear programming problem means 

finding non-negative values of the variables (x„ x^ ai-„) which optimise the 

objective function and satisfy the contraints also. 

Methods of Solving LPP’s 

Graphical method : We shall first study this method and then pass on to the 
simplex method for solving more complex problems. The graphical method is being 
discussed to provide necessary grounding in understanding the computational steps 
of the simplex algorithm, it itself being of little use in handling practical problems. 
There is also the trial and error method which, again, has limited utility with 
regard to practical problem? but is quite useful for exposition of the simplex algo- 
rithm. 


Consider the constraints as equalities rather than inequalities and then, 
draw lines in two-dimensional plane corresponding to each equation and non- 
negativity restriction. These lines will border the region of permissible values of 
the variables. The region enclosed will be the desired feasible region of the variables. 
The constraints are shown as equalities in Figs. 1 & 2. The procedure to be followed 
is as below. 

I For Machining > 2x^-1- 3X|= 16 

Put Jfi=0, 

so that Xi=8 

In figure 1, point N is plotted along Xj-axis as (8,0) and M is plotted along 
X, axis as ^0, 


and Xi=0, in turn, 

and x,= 
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Exactly in the same manner, the assembly restriction is plotted in figure 2. 

It is to be noted that we have shaded the areas in both the figures just in the first 
quadrant to obey the non-negative constraints. The implication of this being that 
we must produce 0 or more units of each of the two products. The shaded area in 
the first figure represents the feasible region for machining i e., area of possible 
solutions obeying the machining restriction. Any point m this region represents, 
by its co-ordinates, the amounts of and X, that can be machined. Likewise, the 
shaded region of figure 2 can be interpreted. 

In figure 3, we have superimposed th6 previous 2 figures. The shrunken 
shaded region enclosed by the polygon OMSP reprsents the overall feasible region 
i e, any point in it, by its co ordinates, represents units of the two products that can 
both be machined and assembled in a day. It is a different matter that all the points 
do not furnish us with the optimal combination which can only be ascertained by 
bringing the objective function into the picture. 

Now Z=3xj-i-4x2 

Choose a profit figure arbitrarily, say, 3x4= 12, the HCF of the coefficients, 
so that 12=3xi-f 4^2. Plot this profit line as in figure 3. This is shown as PQ in 
this figure. All the points on PQ would represent not only feasible combinations of 
the two products but also the same profit of 12. Such a line is, therefore, called an 
iso-profit line. We “pull PQ outwards (away from the origin) i.e , draw lines 
paralled to it until we reach the exterme of the feasible region, S by the third iso- 
profit line. The more an iso-profit line is away from the origin the higher the profit 
it ensures. Going beyond S would mean infeasible region. We stop here so that 
S gives the optimal combination. Its co-ordinates can be read as (2,4) meaning 
that 2 units of Xj ought to be produced and 4 units of with an optimal profit of 
3x2-1-4x4=22. 

Exercise : With the same constraints find graphically optimal profit for an 
objective function Z«=6Xi in the above example. (Answer ; 24) 

We summarise below the graphical procedure : 

Step 1. Transform constraints into equalities. 

Step 2. Graph each equality. Shade the feasible region. 

Step 3. Choose a convenient profit and giaph the iso-profit line. 

Step 4. Pull the profit line until you reach extreme of the feasible 
region. 

Step 5. Read co-ordinates of the extreme point and find the maximum 
profit. An alternative graphical method follows. 
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Alternative ftletlio^ 

Steps 1 and 2 as above. 

Step 3. Read the co-ordinates of the vertices of the convex polygon Le., 
shaded feasible region as below for the example on hand. 

Co-ordinates Z=3x -f 4x, 

of vertex 

O (0,0) Z,=3x0+4x0=0 

P (4,0) Z,=3x4-f4x0-12 

S (2,4) Z,=3x2-l-4x4-22 

M (0.51) Z4=3X0-f4x 51=211. 

Thus Z 3 gives Zfluc = 22 with Xj — 2 and jr, = 4. 


'> 



Fig.1 
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Minimisation Case (Example 2). 

Consider Ihe following minimisation LPP, 
Minimise Z = 50x,+20xa 

subject to 2xi— lx, ^ 0 

lx,+4xg>80 

0.90Xi+0.80x,>40 

Xu Xt>0 





Fig. 2 



(A convex POLYGON like OMSP is known as simplex) 



Steps 1 and 2 above for the maxixnisiation case are also followed in the mini- 
misation problem. The constraints, in their limiting form, become 

lx,=0 

lXi+4xj+80 

0.90x1 +0.80x,-40 

x ,«»0 





These aie plotted below in fig. 4. The feasible region is shaded. It is situated 
outwards the constraints in their limiting forms. 

Step 3. A convenient cost figure is chosen and a straight line corresponding 
to It is also plotted in the diagram below. 

Step 4. The cost straight line is ‘pulled’ outwards until we reach the first 
vertex. The co-ordinates of this vertex S read (16, 32). 

Step 5. Minimum cost (=5x16+20x32=) Rs. 1440 is obtained by sub- 
stitution in the objective function. 



Fig. 4 


Alternatively, read co-ordinates of S, M and P, substitute them in turn in the 
objective function and pick up the least total cost solution as optimal. 

Example 3. A company makes 2 kinds of leather belt. Belt A is high quality 
belt, and belt B is of lower quality. The respective profits arc Rs. 0.40 and Rs. 0.30 
per belt. Each belt of type A requires twice as much time as a belt of type B and, ^ 
if all belts were of type B the company could make 1,000 per day. The supply of 4% 
leather is sufficient for only 800 belts per day (both A and B combined). Belt A ^ ' 
requires a fancy buckle, of which only 400 per day are available. These are only 
700 buckles a day available for belt B. Set linear programming equations for the 
problem, obtain its sdttifofi’by the graphical method. 

Solotion. Supp&c the company makes Xi bells of type A and belts of 
type B each day. From the restrictions on the number of buckles available we 


have 


;ci<400 ■ 


x,<700 ' 



From the availability of leather we have 
• x ^ i +*£<800 

and from the limitation on time 

1 , 000 . 

Xj=400 and x,=700 are plotted straightway as constraints 1 and 2 below 
For xj+x,=800 

when Xi=0 Xj=800| Two points arc thus gotten and 

Xi=400 x,=400J plotted as constraint 3. 

For 2xi+x,= 1000. 

when Xj,=0 x.«=5001 i j , • , 

inA plotted as constraint 4. 

Xi=100 Xj=800j 


yniO-PROFlT LIN£ Q)C0N5Tf?/\jNT 

\ 

\ 
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Objective fuactioD : OJXjiOJjtteM/^O 

when jri«=0 jr,ai400 
when jf,=0 Xi^iSOO 

(Plotted as dotted profit line) 

The extreme iso-pro6t line passes through P of the feasible region. The co- 


ordinates of P can be read as (200, 600). 

As an exercise find the optimal solution by the a/ternatire method. ^ 

Example 4. Minimise Z=20jr]L-|-10jr2 

Subject to Xi+2x2<40 ,,.(/) 

3xi+x,>30 .,.(//) 

4xi+3x2>60 - (t'O 


Xi, Xi>0. 

Tonstraint (/) in the limiting form : Xi-{-2x^=40 

when Xi=0 x:j,=20 

x,=0 Xi=40 

Ilonstraint (il) in the limiting form : 3xi4-Xg=30 

when Xi=0 ' X2=30 

x ,==0 Xi =10 

Honstraint (i/i) in the limiting form : 4xi-j-3xj=60 
when Xi=0 x,=20 

x,=0 Xi=15 


UO 



Fia. 6 
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The three constraints in the limiting form arc plotted above. Note that the arrow 
for constraint (i) points towards the origin since it is < type ; whereas arrow for the 
other two constraints point away from the origin since they are of > type. 

The feasible region has been shaded and ABCD constitutes the feasible 
polygon. Co ordinates of these 4 vertices are read as, 


Z^20x,+10x, 

A ( 4 , 18) Za=20x4+10xI8«=»260 

B (6, 12) Zb=20 x 6+ 10x12= 240 

C(I5, 0) Zc“20x 15+ 10x0=300 

D(40, 0) Zd=.20 x 40+ 10 x 0= 800 


Hence Zfflin=ZB=240 with Xi=6 and x,= 12 


Exercise 1. Consider two different types of foodstuffs, say Fi and F». 
Assume that these foodstuffs contain vitamins V„ and V, respectively. Minimum 
daily requirements of these are 1 mg of V„ 50 mg of V, and 10 mg V,. Suppose that 
the foodstuff Fi contains 1 mg of Vj, 100 mg of Vj and 10 mg of Vj. Whereas food- 
stuff F, contains 1 mg of V„ 10 mg of V, and 100 mg of Va. Cost of 1 unit of food- 
stuff Fj is Re 1 and that of Fg is Re 1.5. 

Formulate the symbolic model of the problem and solve it for the least cost. 

(Answer : Z=l) 

Exercise 2. A pineapple firm produces two products — canned pineapple 
and canned juice, The specific amounts of material, labour and equipment required 
to produce each product and the availability of each of these resources are shown 
below : 

Canned 
Juice 

Labour (man-hours) 3 

Equipment (machine-hours) 1 

Material (units) 1 

Assuming one unit each of canned juice and canned pineapple has profit 
margins of Rs. 2 and Re. 1 respectively, formulate the mathematical model and then 
solve it the for the maximum profit. 

(Answer : Z=8). 


Canned 

Available 

Pineapple 

Resources 

2.0 

12.0 

2.3 

6.9 

1.4 

4.9 


Exerclae 3. Find the maximum vahie of 
Z-~2x+3y 
subject to *+Jf<30 , 

0 < y '<12 
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x—y>0 

0<x<20 

Aniwcr : Z*»a=72. 

Exercise 4. Maximise 7x^4- 3X| 

subject to xi+2x,>3 
JCl+X,:g4 

0<Xi<5/2 
0^x,^3/2 
Answer : 2^a.=22. 

Exercise 5. The manager of an oil refinery must decide on the optimal mix 
of two possible blending processes of which the inputs and outputs per production 
run are as follows : 


Input (Units) Output (Units) 


Process 

Crude A 

Crude B 

Gasoline X 

Gasoline Y 

1 

5 

3 

5 

8 

2 

4 

5 

4 

4 


The maximum amounts available of crude A and B are 200 units and I SO 
units respectively. Market requirements show that at least 100 units of gasoline X 
and 80 units of gasoline Y must be produced. The profits per production run from 
process 1 and process 2 are Rs. 300 and Rs. 400 respectively. Solve the Lt*P by the 
graphical method. 

Trial & Error Method 

Graphical method cannot be used when there are more than 2 variables in 
an LPP. In that case, we use the simplex method which is highly efficient and 
versatile as also amenable to further mathematical treatment and offers interesting 
economic interperations. However, its underlying concepts are rather lengthy to 
discuss and the student should patiently go through the following material on the 
trial and error method to gain a good grasp over the simplex technique. 

Slack Variables 

Example 1 is rewritten below : 

Maximise Z*=3xi+4x', * 

Subject to 2Xj+3X|<16 

4Xj4-2X|<16 

xuX^^O. ‘ 1 

The < type inequalities can be transformed into equalities hy the addition of 
non>negative variables, say x, and X 4 (known as slack variables) as below. These 
variables represent imaginary products with zeta 'profit per unit. 



2xi+3x,+ ljr,= 16)_ . 

4xi+2jr,+ lx4=16J 

And the objective function may be rewritten as below. 

Maximise Z=3^i+4jC2+0jr,+0x4 

The linear prog^ramming Theorems 

The trial and error and simple methods are based on the concept of slack 
variables and theorms described below ; 

Extreme point theorem states that an optimal solution to an LPP occurs at 
one of the vertices of the feasible region. This should be obvious from the discus- 
sion on the graphical method. 

Now the vertices are defined by the intersection of equations. The first step 
of the method is. therefore, to convert the inequalities into equalities by the 
addition (or subtraction) of the slack (or surplus variables) depending on the 
direction of the inequality. In>type inequality we subtract a variable (called the 
surplus variable) to make it an equality. 

It IS to be noted that the system of equations (A) above has more variables 
than the number of equations. Such a system of equations has an infinite number 
of solutions, yet it has a finite and few vertices the co-ordinates of which can be 
determined by applying the basis theorem. 

Basis theorem states that for a system of m equations in n variables (where 
n>m) a solution in which at least («— m) of the variables have value of zero is a 
vertex. This solution is called a basic solution. 

Extreme point theorem can be extended to state that the objective function 
is optimal at least at one of the basic solution. Some of the vertices may be 
infeasible in that they have— vc co-ordinates and have to be dropped in view of 
the non-negativity condition on all variables including the slack and surplus 
variables. 

Consider the LPP of example 1 towards elucidation of the basis theorem. 

Maximise Z=3xi -1-4x4 

Subject to 2xi+3X|^16 
4xi-l-2x,<16 

Xi,x,>0. 

Introducing slack variables x,, and x# 

Maximise Z=3xi-|-4x4-|-0x,-f0x4 

Subject to 2xi-f 3x4-f-lxj-l-0x4=161_„ 

4xj -I-2xg-t-0xs-l- 1 X4= 16 J 

Here n (number of variables)=4 and m (number of equations)=2. Thus 
n—m=2. According to the basis theorem we set 2(=/i— m) variables in (B) equal 
to zero at a time/- solve the resulting system of equations and obtain a basic 
solution. Thus if we zeroise Xi and x, the resulting system of equations would be 
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These equations directly yield x,= 16 and xi=16 as the basic solution 
the co-ordinates of a vertex. 


The other sets of equations, upon zeroising two variables at a time in (B), 
would be as follows : 


2x^ 1 6”| 

4xi-{-2x^^ IdJ 

2jr, -1-0x4= 161 
4xi-{-lx«=16j 

2x^-1- lxa= 161 
4xi-f0xj=16j 

3x,-l-]xi=161 
2xj4 0X4= 16 J 

3xj-|-0xi=16“| 

2Xj-f Ix 4 =l 6 j 


Set 2 (X8=X|=0) 
Set 3 (x»=Xs=0) 
Set4(x,=X4=0) 
Set 5 (xi=X4=0) 
Set 6 (xi=Xj=0) 


It is a simple matter to solve these six sets of simultaneous equations and 
obtain the six basic solutions / e , co-ordinates of the six vertices of the feasible 
region. The solutions arc given below. The student may verify these by solving each 
of the sets of simultaneous equations. 

Set Solution 

1 x,= I6, x*=l6 

2 •’^1=2, x:,=4 

3 Xi=8, X4= — 16 

4 jfj=8 

5 Xg=8, x,= — 8 

6 x,=16/3, X4=16/3 

Since solutions 3 and 5 yield a negative co-ordinate each, contradicting there- 
by the non-negativity constraints, these arc infeasible and have to be dropped from 
consideration. 


Now according to the basis theorem the optimal solution lies at one of these 
vertices. By substituting these co-ordinates the values of objective function arc 
derived below : 


Set 

Solution 

Z (Profit) 

1 

X8=16, x*=16 

0 

2 

Xi=2, x,=4 

22 

3 

Infeasible 


4 

jf,_4, xa=8 

12 

5 

Infeasible 


6 

x,-16/3, X 4 -I 6/3 

21| 
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Thus soluion 2 is optimal with a profit of 22. This is how we can solve an 
LPP simply by employing the theorems stated above ; but the simplex method is 
a further improvement over the trial and error method. There are three inefficiencies 
in the trial and error approach as follows. 

IneflBiciencies of Trial and Error Method 

I. Not, perhaps, in the above example but in other LPP’s where m and n 
are larger solving numerous sets of simultaneous equations would be extremely 
cumbersome and time-consuming. 

II. Scanning the profit table we notice that we jump from profit 
0 to 22 to 21i /.e., there are ups and downs. The simplex method ensure that 
successive solutions yield progressively higher profits, culminating into the optimal 
one. 


Ill' Some of the sets yield infeasible solutions. There should be means to 
detect such sets and not to solve them at all. 

Simplex method 

Inefficiency I is obviated by row operations which is a systematic way of 
solving sets of simultaneous equations It is quicker than the ordinary methods. 
Other inefficiencies are taken up later. 

Row Operationi 

The fact that x,= 16 and x^=16 could be directly read in eqns (C) no p 13 
upon zeroising and x, is utilised m row operations. It is to be noted that the 
coefficients of x, and X 4 form an identity matrix in (C) and it is this matrix that helps 
In directly reading these values. 

In row operations, demonstrated below for the example on hand, we do not 
abruptly jump from Xi and x, for the first extreme point to zeroising x, and x* for 
the 2nd extreme point. Zeroisation is done systematically. Having found an 
extereme point by zeroising Xj and x, we take up either of 

Xi, X3 

) Xi, X4 

x„ x, 

Xi, Xi 

for zeroisation for the next extreme point (syn ; vertex) 1 e , we retain one of the 
alread zeroised variable and take another one alongwith it. Say, we choose x^ and 
Xj for zeroisation. tfy so doing we have retained the already zerosid x, and taken 
Xg for zeroisation alongwith it. We proceed on this way. Row operations are car- 
ried out below for the example on hand. Also, further explanation on these follows. 
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1 

Non basic i.e.. 

Zeroised 

Variables 

2 

Basic i.e., non 
zeroised variables 
3 

4 

Solution 

A 

jCi=0 

.rj=0 


2xi+3xa+lx3+0x4=16,..(0 

4Xi -f- 2X3 + 0xj-|- 1x4 + 1 6 . . . (/I) 

B 

1 

r,—0 

A'3 = 0 

(x, outgoing 
from A) 
x,=8 

X4=-16 

(x^ incoming) 

Multiply eq (/) by J to make coeffi- 
cient of Xi unity. This gives equa- 
tion {Hi) below. Multiply cq. (Hi) 
by 4 and substract if from equation 
(ri) to get equation (iv) 

IXi + fXj-f iX3X0X4 = 8 . (ill) 

Oai — 4X2— 2x34-1x4= — 16. (/v) 

1 

j 

C 

1 

Xi-0 

x.=2 

Xj=4 

Multiply eq. (iv) by — J to make co- 
efficient of X2 unity. This gives equa- 
tion (vi) Multiply eq. (v») by 5 and 
subtract it from eq. (ni) to give eq, 
(v) lx, -t-Ox^-iXa-l- 1x4=2. (v) 

0xi-t-lxa+ix,-ix4=4 ; (vi) 

Proceed on this way 

D 

Xt=0 
;iC4 = 0 

x,^4 

x,=8 

1.x, -f iXg -f0x3-f iX4 *=4 

Ox,-!- 2x3-1- lx»— 4x4=8 

E 

jCi=0 

X2=8 

X3=— 8 

2xi4 1X3-!- Ox, -f 1X4=8 
— 4x, -f Ox, -1- 1 x, -1- 0x4 = — 8 , 

F 

Xi=4 

X8 = 0 

X2 = M 

X4=i| 

fx,-f-lx3-t-lx,-l-0x4=¥ 
fxi-|-0x,-i-|x,-l- lxt=y 


Col 2 gives zeroised variables. 

Col. 3 gives same solutions as of p. 14. 

It can be seen that there is an outgoing variable and incoming variable in 


the basis i.e., the basic variable. The choice of the incoming and outgoing varia- 
bles is however arbitary. 

Net profit* 

Now let us take up inefficiency II. It concerns proceeding progressively to 
higher and higher values of the objective function. The original objective function is 
2=3xj+4;e,+0.ieg+0jf4, The initial solution A of the row operations above is 
X8=16, *4—16 and of course, x,=0 so that initial Z is 0. Now the question 
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arises if Xi should be the incoming variable or x, should be the incoming variable. 
Interpreting example I as product-mix problem, initially we start with imaginary 
products X) and X 4 with a profit of 0 and now, in an endeavour to improve profit 
we wonder whether we should bring in X, or Xj. Obviously X, has a higher contri- 
bution or net proht (coefficient of 4 in the objective) : therefore, it should be 
brought into the next soultion. The next solution must have x,. Whether x, should 
go or Xi should go is a matter of inefficiency HI. Anyhow, the original set of 
equations is 

2 xi-f 3 x 2 -l- 1x34*0x4= 1 6 
4 x,- 1 - 2 x ,4 0x3*1-1x4=16 

We have decided to bring Xj, keep Xi=0 and whether to keep X 3 or X 4 
zeroised is a still a question mark. By retaining Xj and keeping Xj zeroised the set 
reduces to 

3X3-1*1X3=16 

2X3*1-1X1=16 

Our problem is whether to zeroise Xj or X 4 

Replacement Ratioa 

Interpreting the problem again as a pioduct-mix problem the two equations 
are designated as machining and assembly restrictions meaning that only 16 hours 
of each at most are available to us. 

3xj-t-lx,= 16 Machining restriction 

2x, *1* 1 X4i = 1 6 Assembly restriction 

Case (i) If we zeroise .Xj we can machine maximum of units of 

Xj according to the first equation. 

16 16 32 

Now units of X, require X 2 = -^hours of assembly which are less 
than 16. Thus we can at most produce -j units of X* because of the machining 
restriction. Thus if ws set X 3 = 0 ,Xg= 

Ca«e (ii) If, on the other hand, we zeorisc x* we can assemble a maximum 
of units 8 of X 3 according to the 2nd equation. Now 8 units of x, require 8x3=24 
hours of machining which exceed the available 16. In other words setting X 4=0 m 
the 2 nd equation leads to x*= 8 . Putting now X 3= 8 m the first equation leads to 
x,= — 8 which means an infeasible solution. 

Hence we should zeroise X, and not X 4 . The conclusion, then, is divide the 
R.H.S. of each equation by the coefficient of the incoming variable (x, here) and 

call these replacement ratios. In this case, these are ^and . The incoming 

variable should be jset at the value of the least-l-ve ratio i.e., x,=— . And the 

othfer variable in the equation of the least ratio should be zeroised i.e., x, should be 
zeroised here. 

[Negative and tr\finite replacement ratios would simply be ignored]. 
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To summarise, in simplex method (/) we perform row operations so that 
the simultaneous equations are solved systematically and easily as required by the 
basis theorem, (//) we jump to as high a profit as possible in the successive solutions 
and (///) we skip infeasible solutions. 

Example 1 is solved by the simplex method below. The explanation on the 
composition of the simplex tables and computations involved is also given. 

Maximise Z=3x‘i-f4.x, 
subject to 2xi+3xa<16 

16 

x.'^O 

Introducing slack, variables. 

Maximise Z=3Xi + 4.Y^40.Yj-| OX 4 
subject to 2 xi+3x2+ 1x,+0x4=16 

4 Xj-f 2.Y2+0x3-t- 1X4=* 16 
Xi to x* > 0 

The simplex solution follows. 



The main simplex table, a side from headings, is seen divided into 3 hori- 
zontal sub-tables, I to III. There are 6 niain headings I to 6 as explained below for 
sub-table I. 

Col. 1. Fixed ratio— explanation deferred. 
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I 


Col. 2. Programme— it contains the basic variables. Initially, in sub-table 1. 
they are slack variables, so that we start with production of imagi* 
nary products with the minimum profit of zero. 

Col. 3. Profit/unit as read from the objective function. 

Col. 4. This heading is divided in as many sub-headings as the number of 
real and slack variables. It indicates each of the variable with profit/ 
unit as read from the objective function at its top. The body of the 
subtable carries the coefficients of the variables as read from the 
constraints. That the coefficients of the slack variables constitute a 
unit matrix in this initial sub-table is to be noted. 

Col. 5. Replacement ratio as discussed earlier. 

Computational aspects for the derivation of improved solutions are explained 
step by step below. 

Step I. Select the incoming variable in sub-table I in the NER (net evalua- 
tion row) to be explained shortly. The NER entries m the first sub-table are simply 
the profit /unit figures as read from the objective function or copied from headings. 
However there is a more rigorous method of making these entries which alone has to be 
followed in making entries in the subsequent NER's and explanation on which is 
deferred. Selection of the incoming variable is simple indeed. We select the one 
with highest entry in NER and this happens to be with a value of 4. We note this 
selection by putting an arrow below 4 in the NER of sub-table I. Ihc column with 
the arrow is known as the key column. 


Step II. Select the outgoing variable. For this, we compute the replacement 
ratios of col. 6 This is done by dividing col. 4 by the key column and we get and 

8 as the ratios. The variable Xj against the least ratio of is selected as the out- 
going variable and the fact is noted by putting an arrow against the least ratio of ^ 

This row with the arrow is called the key row. The element at the interection of the 
key row and the key column is known as the pivot or key element and it is encircled. 

Step III. Having noted the incoming variable (x,) and the outgoing variable 
(X 3 ) we are ready to perform the row operations on sub-table I and fill in column 4 
and 5 of sub-table II. 


Before that, however, we fill in cols. 2 and 3 of sub-table II which is straight- 
forward ; X 3 is replaced by x, in col. 2, x« stays in it and in col. 3 the profit/unit 
figures are copied from beading S> 

Now let us tSke up the row operations. The key row of sub-table I (under 
cols. 4 and 5 ) is divided by the pivot clement and this becomes the corresponding row 

16 2 1 

of the sub-table 11. It reads , -y, 1, y,0. 
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The fixed ratio of the non-key (row) is (are) derived by dividing the element 
(j) in the key column by the pivot element. It (they) is (are) entered in the non-key 
row (.v) under column I in the sub-table I itself. The key row (j) in sub table I is 
multiplied by its fixed ratio. This leads to 

16x-=:^,2x 2 “y»3x ~= 2 , ixy = -^.0x -j=0. 


This, however, is a rough work. Entries are not made any where. The result of this 
multiplication are subtracted from the non-key row of sub-table I to yield the non- 
key row of the sub-table II as below 



a 4 8 , , « n 

, 4— 2— 2=0, 0 


2 

3 



1 - 0 = 1 . 


These entries arc made for the non key row of sub-table II. 

Step IV. This consists of deriving the NER of sub-table II. Each of its 
elements is derived by multiplying col. 3 of sub-table II with col. 5, summing these up 
and subtracting the sum from the profit/unit in heading 5— computations for each 
element in the 2nd NER are shown below. 

3_(4x-^+0x f)-3L 
4-(4xl-l-0x0)=O 
0-(4x|+0x 
0-(4x0-f0xl)=0. 

But what is the underlying logic ? The constraints in the sub-table II have 
become. 

-yXi-l-OXg- *,-f 
.16 2 1 _ 

I.e.p jCj= 3 3 •••(0 

8.2 

Xf 3 ~ 3 3 "'00 


Substituting these values of x, and jc* in the original objective function 

4jr,-f 0Af,+0x4 

we get the following modified function, 




ll 



= Xjjs j- X4 0:>:i4-3fa|o-4 

X-y + OX -y I +Ox« 

1 4 64 

i.e., Z= j Jfi + Ox, yx, + 0X4 + — 

These coefficient have been entered in the 2nd NER. 

[This might appear to be a mathematical jugglery but there is a sound inter- 
pretation to this. The reason for this becomes clear if we keep in mind that-yXi-f 
4 64 

Ox, j- X, 4- 0x4 + —y~ becomes the modified objective function corresponding 

to the solution stage given by the programme 2 / e., sub table II, that has fully 

utilised the machining capacity. Thus the production of 1 unit of X, at this stage 

will mean (according to the Ist original constraint 2ti43x,<16) that 2 units of 

machining capacity (required for producing 1 unit of X,) must be reallocated from 

X,. Since each unit of X, requires 3 units of machining capacity current level of 

2 8 
production will thus be reduced by-y units which will mean reduction of Rs. — — 

^ = 4 X -y ^ in the contribution. Thus, introduction of 1 unit of X, at this stage 

g 

results in a decrease of Rs. y in the profit contribution of X,. Hence the intro- 

8 1 

duction of 1 unit of X, at this stage will give a net profit i e., of 3 y =Rs. -y. 

Similar interpretation can be made for the other coefficients in the modified objective 
function]. 


By applying these 4 steps on sub-table II we derive sub-table III. Since its 
NER does not have any positive element i.e. opportunity cost we stop here. This is 
an indication of (hf optimal solution with Xj— 2 and x,=4 (and Z=22), for if we 
derive another sub-table by bringing m x, or x, into the solution we shall decrease 
the profit. To sum up, when, in a maximization problem, all the elements in an NER 
arc negative or zero we stop further iterations. The student may himself derive 
sub-table III as an exercise. 

It is obviQus that the student needs a plenty of practice to be thorough with 
the computationally tedious, though otherwise very elegant and versatile, simplex 
method. As a tip, the fractions in the simplex tables must be retained and by trying 
to decimalise them the student may land himself in trouble. Numerous examples and 
exercises follow to give understanding and practice to the students. 

Emaiile 9 ; Maximise Z=2x,-1-Sx, 

' subject to Xi-i-4x,<24 
3x,"f*^i^21 

Xj, x,>0 



Elation. By introducing slack variables S„ S„ and S, the problem becomis 
Maximise 2;f,+5x:,+0S,+0Si,+0Sa 
Subject to a:j+4;c,H-Si=24 
3->;i+^»+S,=21 

^i+^g+S3=9 

Sj, Sgj Sg^O* 

The simplex tables m this case are : 





2 

5 

0 

0 

0 

Prog- 

Profit/ 







ramme 

Unit 

Qty. 









^1 


S, 

S, 

S3 

s. 

0 

24 

1 

4 

1 

0 

0 


0 

21 

3 

1 

0 

1 

0 

S, 

0 

9 

1 

1 

0 

0 

1 




2 

5 

0 

0 

0 


t 


F.R.= 


n 

3 


^g 

5 

6 

1 

1 

1 

0 

1 


4 

s, 

0 

15 

11 

0 

-1 

1 

0 




4 


4 



Sg 

0 

3 

3 

0 

— 1 

0 

1 




4 


4 







t 


“i 

4 

0 

0 






1 


1 

^2 

5 

5 

0 

1 

3 

0 

3 






2 


11 

S. 

0 

4 

0 

0 

3 

1 

3 






1 


4 

Xi 

2 

4 

1 

0 

3 

0 

3 


Zmag^SX 5+4x2=33 


Hence ”^‘1 :?:’’ J> Annwer 


1 


Ratio 


6 ^ 

21 

9 


24 

60 

’ll 

4*- 


NER 
elements 
are all non- 
positfve 





Example 6. An electronics firm is undecided as to the most prQhtable mik 
for its products. The products now manufactured are transistors, resistors and carbon 
tubes with a profit (per 100 units) of Rs. 10, Rs. 6 and Rs. 4 respectively. To produce 
a shipment of transistors containing 100 units requires 1 hour of engineering, 10 hours 
of direct labours and 2 hours of administration service. To produce 100 resistors are 
required 1 hour, 4 hours and 2 hours of engineering, direct labour and administrative 
time respectively. To produce one shipment of the tubes (100 units) requires 1 hour 
of engineering, S hours of direct labour and 6 hours of administration. There are 
100 hours of engineering services available, 600 hours of direct labour and 300 hours 
of administration. What is the most profitable mix ? 

Solution. Let us tabulate data in convenient manner. 




Products 


I 

' 

Transis- 

tors 

Resistors 

Carbon 

Tubes 

1 


Engineering 

1 

1 

1 

100 

Labour 

10 

4 

5 

1 600 

Adminis- 

tration 

2 

2 

6 

1 

! 

300 


10 

6 

4 

1 



Symbolically, maximise 10x+6y-^4z 
Subject to la:+ ly-b lz< 100 and x'^0 

I0x-f4y+5z<600 y^O 
2x+2y+6z<300 z>0 

Introducing slak variables 
Maximise 10;c+6y+4z 
Subject to 

x-l“y4'r"l'Si= 1(X) 

' 10x+4>'+5z+S,-600 

2jc+2j'+6z+S,=300 

, x^f (V ^>0, Si ^ 0. ^>0 



i4 




Si 

0 

40 

0 

6/10 

5/10 

1 

-l/IO 

0 

F.R.=2/3 

X 

10 

60 

1 

4/10 

5/10 

0 

1/10 

0 

F.R.=-2 

Sa 

0 

180 

0 

12/10 

5 

0 

-2/10 

1 


Net Evalution 

Row 

0 

2 

— 1 

0 

-1 

0 


t 


400/6= 67 < 
600/4=150 
150 


y 

X 

s, 

6 

10 

0 

400/6 

100/3 

100 

0 

1 

0 

1 

0 

0 

5/6 

1/6 

4 

10/6 

-2/3 

-2 

-1/6 

1/6 

0 

0 

0 

1 


0 

0 

— ve 

— ve 

— ve 

0 


Hence the most profitable mix is — ^ resistors and transistors. The maxi- 

D J 

• Ann i 1000 1 

mum profit is 400H — ^ — =733 y . 

Minimisation (Revised Simples Method). 

The simplex algorithm applies to both maximisation and minimisation pro- 
blems. The only difference in the algorithm involves the selection of the incoming 
variable. In the maximisation problem it is the one highest -J-ve NER element. 
Conversely, it is the most — ve variable that js selected as the incoming variable in a 
minimisation problem. And if all elements in the NER are either positive or zero it 
is the indication for the optimal solution and We stop there. 

Let us take an example straightway to explain the solution procedure. 




Exampl* 7. A small township of 15,000 people requires, on the average, 
300,000 gallons of water daily. The city is supplied from a central water-works 
where the water is purified by such conventional methods as fifteration and 
cbloriaatioa. In addition, two different chemical compounds : (i) softening chemical 
and (ii) health chemical, are needed for softening the water and for healtl^ purposes. 
The waterworks plans to purchase two popular brands that contain these chemicals. 
One unit of Chemico Corporation’s product gives 8 pounds of softening chemical and 
3 pounds of health chemical. One unit of Indian Chemical's product contains 4 
pounds and 9 pounds per unit, respectively, for the same purposes. 

To maintain the water at a minimum level of softness and to meet a mini- 
mum in health protection, experts have decided that 150 and 100 pounds of the two 
chemicals that make up each product must be added to water daily. At a cost of 
Rs. 8 and Rs. 10 per unit respectively for Chemico’s and Indian Chemical’s products 
what is the optimal quantity of each product that should be used to meet the mini- 
mum level of softness and a minimum health standard ? 


Solutioa. The relevant data may be tabulated as below : 


Chemical 

Brand 

Chemico Indian 

Daily Requirement 

(/) Softening 

8 

4 

150 

(ii) Health 

3 

9 

100 

Cost/unit of each brand 

8 

10 



Let us formulate the LPP as below 
Minimise (cost), Z=Rx-j-10y 
Subject to 

8x-l-4y>150 
3x+9ypl00 
and x^0,y>0. 

Subtracting surplus variables to convert inequalities into equalities 
8x+4y-Si=l50 
j 3;r-|-9y-S,-.100 

0 

Pkyaical laturpratatioa of Sarphu Variable* 

S], and S, represent the extra units (if any) of the two chemicals 
over 150 and 100 units respectively. Their magnitude being such as to just convert 







the inqualities into equalities, thereby restricting them to non-negative values The 
problem may then be restated as below : 

Minimise (cost), Z^Sje-f-lOy-f-OSj-f-OS, 

Subject to 8x-|-4>>— Si>=150 

3x+9y-S*=100 

and Sj>0. Sj>0, x>0,>>>0. 

Artificial Slack Variables 

If X and y are set equal to zero S, and S, turn out to be negative, violating 
the non-negativity restriction. Therefore, to circumvent this wc introduce another 
similar device of artifical slack variables. Let us represent these by A| and Aj 
respectively. The problem then becomes. 

Minimise (cost), Z=8x-i-10;'-i-0S,+0Sj-|-MAi+MA2 

Subject to 8.i:+4;'— Sj-f Ai^lSO) ,, . . 

3* l-9i.-s;+A;-10o} A" var,able,>0 

Physical Interpretation of the Artificial Variables 

These are imaginary brands, each unit containing 1 unit of the pertinent 
chemical. Both are restricted to non-negatives. Whereas surplus variables have zeros 
as their cost coefiScient, each artificial variable is assigned an infinitely large cost 
coefficient (usually denoted be M ) This renders inclusion of the artificial variable m 
the solution prohibitively. These will therefore be out in the final table. 

Designing the Initial Programme 

It is obtained by letting each of the variables x, y, S, and S, assume value of 
zero, t.e, retaining artificial variables in the initial solution. 





8 

10 

0 

0 

M 

M 

Pro- 

Cost per 
unit 

Quantity 







gramme 


X 

y 

Si 

S. 

A: 

A, 


Ai 

M 

150 

8 

4 

-1 

0 

1 

0 

A. 

M 

100 

3 


0 

-1 

0 

1 

Net Evaluation Row 

8-lTM 


m' 

M 

0 

X) 


t 


150/4 

100/9<- 



VI 


Initial Solution 


It is to be noted that m the NER we do next copy the coefficients from the 
cost objective but derive these be step IV on page 20 as below : 

X 8-8M-3M=8-IlM 

y 10-4M-9M-10-13M ) 

Si 0+M-0=M I A 

S, 0-0+M=M 1 

Ai M-M-0=0 I 

A, M-0-M=0 J 

The reason for this is explained below The problem is rewritten below : 
Minimise Z= 8x+ 10>’+0Si +0S,+ M Aj +MAj 

Subject to 8x+4y— Si+Ai=150 .. (i) 

3x'-|-9 >’— Sj+A 2=100 •••(ff) 

all vanables^^O. 

From (i) Ai=150-8x— 

From (ii) A2=100— 3x— 9>'+S2 

Substituting these in the objective function, 

Z=8jc+10j>+0Si+ 0S2+M (150-8x-4;;+Si)+M (100-3x-9;-+S2) 
(8- 1 lM)x+(10- 1 SMjj'+MSj+MSj+OAi+OAj. 

These coefficients correspond to set A above. 

Now consider the inital solution with an initial cost of (150+ lOOM) for 
further iterations. 


10— 13M is the most-ve and, therefore, the column under y is the key 
column. Also, the ratio 100/9 is less than 150/4 (on extereme right). The pivot 
element, then, is 9. The outgoing variable is A, being replaced by y. The cost of 
the existing solution, 250 M is forbiddingly high. The stage is set for revising the 
initial programme. 


The key row is revised by dividing it through by 9, the pivot element and the 
results are as follows ; 

100 
9 

4 

The fixed ratio for revising the non-key row is-^. The revised figures for 


^10 ^ 0 — 


this row are computed below : 

150- 100 X 


1350-400 950 

9 9 


8-3 X ~ 


75-12 


60 

9 


4-9 X ^=0 
- 1 - 0—1 


9 



‘.0 


4 4 

0+ -^= y 


1 - 0=1 

1-OX y= ^ 
The new tabic is shown below : 


Ai 

y 


M 

10 


Net Evaluation Row 


Qintuity 

s 

10 

0 

0 

M 

M 

X 


S, 

1 

Ai 


950/9 

60/9 

0 

-1 

4/9 

1 

i -</9| 

100/9 

3/9 

1 

0 

-J/9 

“ 

1/9 1 

' 42 / 9 - 

Low > 

60M/9 

0 

M 

10/9- 

4M/9 

“1 

13M-10 

9 


60 

100/3 


60 


Revising (he key row by dividing it through by 


fe„ multiply by 


60 


we get 


950 —9 ^ 9 £ 

-go". O' ’ 60 ’ 60 ’ 60 


. , . 3 . ^ Revising the non- 

For the non-key row the fixed ratio ^ p ^ 


key row. 


100 950 ^ J__il 

“9 "sT ^ 60 6 

3 

9 ■" 9 ^60 
1 - 

, 3 1 

0+^^ 60“ 20 

1 jLy-4r-— 

"■“9 “ 9 15 



2 $ 



9 9 60 ~ 15 


The results are tabulated below : 


Programme 

Cost per 
unit 

Quantity 

8 

10 

0 

0 

M 

M 


1 

j 

X 

y 

Si 

S 2 

Ai 

A* 

X 

8 

95/6 

1 

0 

-3/20 

1/5 

3/20 

-1/J5 

y 

10 

35/6 

0 

1 

1/20 

-2/15 

- 1/20 

2/15 


NER (all non-negative) ^ ^ ^ 3 


Hence the optimal cost is'--x8 -f -r-xlO 

0 0 


760 -f 3 50 


r= — 2 “ “ 1 85 Aoswer. 
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Some Remarks 

1. It may be desired to convert a maximisation problem into a minimisation 
one and vice versa. Mathematically, this can be accomplished by revetsing 
signs through of Just the objective funntion. 

2 Inequalities in the wrong direction : Consider the problem : 

Maximise Z=Xi+Sx, 

Subject to 3afi+4x,<6 ...(/) 

^i+3x,>2 (i7) 

Xi, x,>0 

[Whether to introduce slack or surplus artificial variables depends on 
the type of inequality and has nothing to do with the type of the problem 
/ e, maximisation or minimisation]. 




The 2nd inequality is in the wrong direction. Upon introducing the “surplus” 


variable. 


Xi+3x,— Sg=2. 


If Sj is taken in the initial solution it would be— ve when x, and x, are zero. 
To circumvent this an artificial variable is also introduced in this inequality. The 
problem becomes P 

Maximise Z—x,+5xi— MA, 

Subject to 3x,-f 4X|-f Sg— 6 

Xj-ESxg — S|-l-A|"“2 

Xi, X|, Sj, S|i Ag^O. 
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The initial solution consists of S, and Aj- Several examples on inequalities 
in the wrong direction follow. Surplus variable can never come in initial solution. 

(Note that in ixiazimisation problems M always has— ve sign and 
in minimisation problems M always has a-f ve sign) 

3. For minimisation problems containing < inequalities and/or equalities 
example 12 should suffice 

4 It IS to be carefully noted that except the artificial variables, others, once 
driven out in an iteration, may re-enter in a subsequent iteration. But, an artificial 
variable, once driven, can never re-enter, because of the big M coefficient associated 
with it in the objective function. Advantage can be taken of this fact by not comput- 
ing its column in iteration subsequent to the one from which it was driven out. 
See example 8 in this connection 

5. In some problems, if there is an equality, it pays to eliminate one vari- 
able (say, X,) from all the inequalities and treat it is a slack variable for equality. 
Big M method may then by employed. Example 13 should clarify this point further. 
Prior to this, however, example 9 is intended to show the possibility of treating the 
very existing variable as a slack variable 

6 Any linear programming problem can be re-formulated into what is 
known as its dual Any of the primal (the original) or the dual may be selected for 
iterating by the simplex method The selection is made on the basis af computa- 
tional burden. Also the dual provides interesting insights into the methodology 
of the LPP solution. This matter is discussed m a following section at a greater 
length 

7. If two or more variables share the maximum positive coefficient in the 
net evaluation row any one may be chosen for introduction for the new solution 
arbitrarily, viz., in Z~2xy+2Xi+x^ it matters little if or x^ is chosen. 

8. Lower bounds may be specified in an LPP. For example, over and above 

to the three usual constraints, it may be stipulated that cannot be less than 25 or 
40 or h, i e. This can be handled quite easily by introducing a variable 

such that Substitute wherever it occurs and solve the 

LPP. Computations would be greatly reduced. Please see example 14 in this 
connection. 

9. In all the simplex tables there is bound to be a unit matrix of size pxp 
where p is the no of rows (excluding net elevation row). The columns that con- 
stitute such a unit matrix need not be adjacent. 

10. In view of the tediousness of computational aspects it is useful to make 
a check at each iteration. This can be done by deriving the net evaluation row in 
two ways : (i) just like any other row in the simplex tableau by deriving its fixed 
ratio (//) by summing the product of the quantities column with the pfofit/cpst 
column, and subtracting this sum from the original profit contribution or cost 
coefficient of the variable. These should tally. Also, having obtained the optimal 
solution it is desirable to verify it if it obeys the given constraints. See example 9 
where NBR is calculated is both the ways. 
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II. The simplex method, the revised simplex method, the graphical and 
trial and ^rror merhods, the dual approach provide scvreral ways of doing an LPP. 
The student may want to do each LPP m more than one way for the sake of veri- 
ficatioi) of the answer and practice. 

12. For degnerate problems (tic in replacement ratios) sec example 19. 
Example 8 : Minimise Z=4Xi-f 

Subject to 3xi+Xi ^ 27 

Xi — 21 

' x,+2x, >30 

X,, X2>0 

Solntion : The second ‘equation’ is the less than inquality which can be 
converted to more than inequality by reversing all the sings on both the sides. 
Introducing surplus and artifical variables the system of Inequalities reduces to 
Minimisfc Z=4Xi+2x,+0Si+0S, f 0S3+MAi+MAj4 MA, 

Subject to Sxj+x^— Si+Ai=27 

Xi'bXj — S24'A2=21 
Xi+2x2— Sj-I-A3=30 

(x,>0 ;xj>0 , Si>0 . S,>0 , S3>0 ,Ai>0 , A.,>0 , A3>0) 



Pro- 

Cost per 

Qty.' 

1" 

4 

1 

2 

1 

0 

0 

1 

0 

M 


M 


gramme 

Unit 


Xl 

Xs 

1' 

Si 

Sj 

S3 

A, 

Aj 1 

A3 

F.R.=y 

Ai 

M 

27 

3 

1 

— 1 

0 

0 

1 

0 

0 

A, 

M 

21 

1 

1 

0 

-1 

0 

0 

1 

0 

F.R.=-} 

A, 

M 

30 

1 

2 

0 

1 

0 

-1 

0 

0 

1 

Net evaluation Row t ‘ 

4-5M 2- 

-4M 

M 

M 

M 

0 

0 

0 


FR=-i 

F.R.-I 


Pro- 

gramme 

Cost per 
Unit 

Qty. 

Xi 

4 

9 

Aj 

M 

12 

Aa 

M 

21 

Net Evaluation Row 


0 

0 

s, 

s. 

-1/3 

0 

1/3 

-1 

1/3 

0 

4/3 

2/3M 

M 


0 0 M M M 


M I 12 0 2/3 1/3 1-1 0 S 1 0 


*See point 4 on page 30 
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1 

S, 

s, 

Sg 

Ai 

A. 

A* 




4 

24/5 

1 


-2/5 

B 

1/5 


0 


24 


A 2 

M 

18/5 



1/5 

-1 

2/5 


1 


9•^- 

-3/5 


2 

63/5 


1 

1/5 


-3/5 


0 

• 

-21 3 


1 

Net Evaluation Row 

0 

1 

0 i 

1 

6/5 

-M/5 

M 

2 

5 

2M 

5 

t 


0 


1 








1 

1 

1 

1 



i 


^1 

4 

3 

1 


T 

2 

0 i 





s, 


9 



1 

2 

-5 

2 

1 

1 

1 





x~ 

2 

18 


1 

1 

-3 

0 











2 

2 







Net Evaluation Row : All non-negative 
This provides the optimal solution with 

jci=3 and x, = 18 

Minimum cost=4x3-f-2x 18=>48 (Aaswer) 

Example 9. Minimise JCg— 3ji:,-f2xe 

Subject to Xi-{-'ixr-x^-\-2xi-=l 

— 2jf,-f4xs-fx4=12 
— 4;cj-| 3;>cg-i-8x#-fx,= 10 
x/>0. 

Solution : Equivalently, maximize Z=— jc,-f 3jf,— 2af,. It is to be seen that 
X| Xg and Xg can bs treated as slack variables and constraints may be rearranged as 

3xg— Xj-f 2r6+Xi==7 (See remark 1 on p. 29). 

— 2x,-l-4x*-fx4=12 

-- 4 x,-f 3 *, 4 - 8 Xg-f X,— 10 












S3 



Profit 

Qty. 

-I 

3 

-2 

0 

B 

0 


Programme 

Xt 

Xt 

D 

B 

Xt 

Xt 


-i Xi 

0 

7 

3 

-1 

2 

1 

0 

B 

-7 

Xt 


12 

-2 

4 

■1 

B 

1 

0 

3^- 

3/4 X. 

0 

10 

-4 

3 

8 


0 

1 

10/3 

3/4 



-1 

43 

t 

-2 

i 

B 

1 

0 1 

i 


> 0 

10 


0 

2 

1 

i 

0 

1 

A<- 

-1/5 xs 

3 

3 


1 

0 

0 

i 

0 

-6 

-1 X, 

0 

1 


0 

8 

1 

0 

-3/4 

1 

1 

N» 

Va 

1/5 




0 

-2 


-3/4 

0 



-1 

4 

1 

0 


2/5 

1/10 

0 


X, 

3 

5 

0 

1 


1/5 


0 


x$ 

0 

11 

B 

0 


1 

-1/2 

1 





0 

0 

1 

-12/5 

-1/5 

-4/5 

1 

0 



Hence jc,=>4 ; ac,«.5 
and Z min. **4— 1 5=» — 1 1 


BsampI* 10 ; Maximise Z=>Xi+2x, 
subject to Xj— X|>3 

2xi+X|^l0 

xi>0;x,>0 

Soladoa ; Introducing slack, surplus and artificial variables the problem 
reduces to 

Maximise Z»»x,4'2x,— Mx* 

Sldl^ to Xi— X,— Xi+Xi"*^ 

2x,+X,+Xs-10 
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Programme 

Profit 

1 

I 

Qty. 

1 

! 1 

2 

1 

0 

! 

-M 

1 

! 

1 

1 

JC, 

Xj 

Xt 

Xt 

B 

1 


-M 

3 ' 

1 

-1 

-1 

1 

0 

3^ 

Xt 

0 

10 

1 

2 

1 

0 

0 

1 

5 


1 

1 

1 

M + 1 t 


-M 

0 

1 

j 

0 


Xt 

1 

3 

1 



1 

0 

3 

Xs 

1 

0 

4 

0 


2 

2 . 

1 

4/3-<- 


1 

1 

0 

3t 

1 

-M-1 

0 



1 

13/3 

1 

B 

-J 

1 

i 



2 

4/3 

0 

1 

f 

-! 

i 





0 

1 

0 

) 

-1 

-M+l 

-1 



Heoce afiB= Z=-^+-|- —7 (Answer), 


Ewuplc 11. Minimise 3xj— X| 

2xj4 JCj>2 

xj+3x,<3 

x,<4 

Xt, x,>0 

Introducing slack, surplus and artificial variables. 
Minimise 3xi— x,+Mx» 

subject to 2 x,+x,~x,+X 4®2 

All variablei^O, 
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Solution 






3 

-1 

B 

B 

B 

B 

Replace- 

Fixed 

Prog- 

Cost 

Qty. 



Bi 

Bi 

Bi 

Bi 

ment 

Ratio 

ramme 





WM 

Bfl 

■ 

WM 

Ratio 





Xi 

B 

B 

B 

B 

B 



Xt 

M 

2 

2 

1 

-1 

1 

0 

0 

1<- 

1/2 

X, 

0 

3 

1 

3 

0 

0 

1 

0 

3 

0 

X, 

0 

4 

0 

1 

0 

1 ^ 

i 

0 

1 

00 





3-2M 

-l-M 

M 

0 

0 

0 


• 




t 




1 

! 



1/5 

Xi 

3 

1 


MB 

-1/2 

1/2 

0 

0 

2 

Xi 

0 

2 


KB 

1/2 

-1/2 

1 

0 

4/5-> 

2/5 


0 

4 


B 

0 

0 

0 

1 

4 





0 

-5/2 

3/2 



0 







1 ^ 







^1 

3 

3/5 

1 

0 

-3/5 

3/5 

1 

-1/5 

0 



Xt 

-1 

4/5 

0 

1 

1/5 

-1/5 

2/5 

0 



X, 

0 

16/5 

0 

0 

-1/5 

1/5 

-2/5 

1 




1 


0 

0 

2 

M-2 

1 

1 

0 ! 



Hence Xi=3/5 
x,=4/5 

Zmm=l (Answer) 


Note ; One or more of the constraints could be given as an equality rather 
than an inequality in right or wrong direction. There are 2 alternative methods 
for attacking such problems as demonstrated in the following couple of examples. 
In the first method, we used an artificial variable in the equality with confidence that 
it will be driven out ultimately because of M in the objective function, thereby 
reatining intact the implication of the equality. This method is followed in the next 
example. 

Example 13 follows the remark 5 on page 30. If, however, the student 
BO wishes h« eait ship over the 2nd me^wd And example 13. 





















Exmmple 12. Mwimise Z=30x^ +20x„ subject to 

xi+x,^8. 6 x,+4x,> 12, 5x,+8x,^20, and xt>0 

*i+Jra+Jf»=8 
6jf,+4jf,-x4+lA, =12 


5jfH-8jr,+IAj-20 



« 


-A 



iSoladoa ; Subtracting (/) from (///) with a view to eliminate x, in the laitef 
and retaining x, as a slack variable for the former, the restrictions are modified as 
follows. Also, introduced are slack, surplus and artificial variables. 

Xj— Xj— X4+Xj=> 1 

Jti+2x,+x,=»30 
Z= 4x, + 5x, — 3x,— Mxj 


Programme 

Profit 

Quantity 

4 

5 

-3 

0 

-M 

0 

Ratio 


X, 


^4 

Xf 

*4 


1 X, 

-3 

10 

1 

1 

1 

0 

0 

0 

10 

Xt 

-M 

1 

1 

-1 

0 

-1 

1 

0 

!♦- 

1 X, 

0 

20 

1 

2 

0 

0 

0 

1 

30 




7+Mt 

8-M 

0 

-M 

0 

0 


X, 

-3 

9 

1 

0 

2 

1 

1 

-1 

0 

9/24- 

-J Jfi 

4 

1 

1 

1 

-I 

0 

-1 

1 

0 

— ve 

3/2 X. 

0 

19 

0 

3 

0 

1 

-1 

1 

29/3 




0 

15 t 

0 

4 

-M-7 

0 


X, 

5 

9/2 

0 

1 

i 

i 

-» 

0 


Xi 

4 

11/2 

1 

0 


-1 

i 

0 


X» 

0 

11/2 

0 

0 

-312 

-» 


1 





0 

0 

- 15/2 

-1 

-M+i 

0 



Hence Xi — y* 

EsasapU 1# : A manufacturer of three products tries to follow a policy of 
producing those which contribute most to fixed cost and profit. However, there is 
also a policy of fccognising certain minimum sales requirements. Currently these 
are; 



Si 


Product 

X 

Y 

Z 


Uaits per week 
20 
30 
60 


There are three producing departments. The product times in hour per unit 
in each department and the total times available for each week in each department 
are : C 


Product ; 

Time 

X 

required per product, in hours 

Y Z 

Total hours available 

Department 1 

0.25 

0.20 0.15 

420 

2 

0.30 

0.40 0.50 

1,048 

3 

0.25 

0.30 0.25 

529 


The contribution per unit of product X, Y, Z is Rs. 10.50, Rs. 9.00 and 
Rs. 8.00 respectively. The company has scheduled 20 units of X, 30 units of Y 
and 60 units of Z for production in the following week. 


r 


Your are required to state : 


(a) whether the present schedule is an optimum one from a profit point of 
view and if it is not, what it should be ; 


(h) The recommendations that should be made to the firm about their pro- 
duction facilities [following the answer to (a) above]. 


Solution : Let us formulate the L.P.P. 

Objective : Maximise 10.50X+9.00Y+8.00Z 
Subject to: 0.25X+0.20Y-}-0.15Z<420 

0.30X-1-0.40Y+0.50Z< 1048 
0.25X+0.30Y-f0.25Z<529 

0^X^20 0=^X means 

0<Y>30 X>0, etc. 

0<Z>60 

Since the company is already producing minimum of Y and Z it should, at 
least, produce maximum of X limited by the first constraint. It can be arithmetically 
verified that there is a scope for improvement. 

Substituting (Please refer to point 8 on P 30) ; 

X=*i-f20 . « < 

Y=ix,-h30 

Z=Xj4'60 




ThUprobleni becomes 

Maximise 10.50xi+9.00;c,+8.00x,+ a constant 
Subject to 0.25xi+0.20x,+0.15x,<400 

0.30Xi+0.4Ox^+0.S0x, < / 000 
0.25xi +0.30Xt+0.25x,^S00 

Xi>0 ; x,>0;xj>0 

The student may now derive the optimal soultion, as an exercise. 


Some special cases 
1. No Feasible Solution 

Example |5. Maximise z=Xi+2xt (See figure 7 on p. 40) 

Subject to Xi+Xj|<4 

X, + X4>6 

xi, x,>0 

It is obvious the two constraints are mutually exclusive and therefore there 
cannot be any feasible solution to this problem. In more practical problems, how* 
ever, the constraints may be far too numerous and it would be difficult indeed to sort 
out this matter at a cursory glance. Consider the simplex approach. 

Maximise 2=xi+2x, 

Subject to Xi+x*<4, i.e., Xj+x,4-X3=4 

Xi+x,>6, i.e., x,+x,— X4+A,>6 
Xi. x„ x„ X4, Ai>0 


Phigrdmme 

Profit 

Quantity 

1 

2 

0 

0 

-M 


X* 

X, 

^4 

Aj 




Xi 

0 

4 

1 

1 

1 

0 

0 4/6=4*- 

Ai 

-M 

6 

1 

U 

0 

-1 

1 6/1-6 



M 

1+M 

2-l-M 

B 

->M 

0 

•^1 

2 

4 

1 

1 

0 

0 

0 

Ai 


2 

0 

M 

-1 

• i' 

-1 

1 ' 




-1 

m 

-M 

-M 

0 
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Since Ai persists in the “solution", t.e., even though the net evaluation roW 
contains all negatives Ai has not been removed, there, therefore, is no feasible solution 
to this problem. 



2, Multipl* Optimal Solvtloiu are obtained, if in the graphic solution 
(see Fig. 8 on p. 41) the profit line is parallel to one of the straight lines representing 
the constraints. Thus CD is the extreme line in this case and not just an extreme 
point. Any point on CD give optimal solution. 


In this simplex final table this situation is indicated by a non-basic variable 
having zero in the net evaluation roar. Consider the following problem. 


Example 16. Maximise 

Subject to 0.1xi+0.2Sx,+0x«<120 
0.20xt+0.30x,+0.40x, <260 
x,>0 
















Zero under a non-basic variable in the final net ^valuation row indicates 
that the problem has multiple (infinite) solutions. If Xi were to be brought into the 
solution in place of the following table would result. 



1200 

1 2.50 

0 10 0 

x* 

500 

0 —0.50 

1 -5 2.50 



0 0 

0 —5 12.50 

Thus 

we have infinite optimal solutions as below ; 


1 

2 

General Solution 


0 

1200 

p X0+ 1200(1 -p) 


480 

0 

480p+0(l-p) 

Xj 

290 

500 

290p+500(l-p) 

X« 

0 

0 

0p+0(l-p) 

Xs 

0 

0 

0p+0(l-p) 


Any arbitray value of p would provide the same optimal profit. 


3 Unrestricted Variables can arise in a few situations. For example, a 
negative value of a variable may imply increase in inventory. Consider the follow- 
ing problem ; 


Example 17 ; Maximise 
Subject to 


Replace xi by 
Maximise 
Subject to 


The initial table is given below 


2=3jfi-f-5Xj 

132 

3x,+2xa^l00 

Xj unrestricted m sign 
zi, yielding thereby 
Z=3>'i— 32 iH-5x, 
2>',-2ri+5xj=^132 
3zi+2x,^100 

Xt.yiZi>o. 




3 

-3 

5 

0 

0 

Prograouns Profit Quantity 








Fj 


X, 


^4 

X, 0 

132 

2 

-2 

5 

1 

0 

x* 0 

100 

3 

—3 

2 

0 

1 



3 

—3 

5 

0 

0 


(By referring to examples 14 and 17 do excrise 6 at the end of the study). 



UnfMttiided Solution 

Example 18. Consider the LPP : Maximise 2=X]+2x, 

Subject to— Xi+x,^2 

Xi+Xj^4. 

x„ x,>^0. 

Refer to figure 9 below. There are two extreme points on the feasible region. 
But the objective function can be increased indefinitly. There is a fundamental 
simplex theorem that states the optimal value of the objective function occurs at an 
extreme point of the feasible region, provided that a unique finite optimal solution 
exists. 


Such a situation may be diagnosed in the final simplex table as below : 



1 

2 

0 

0 

-M 


Programme Profit Quantity 

— 

— 

— 

— 





Si 

Sa 



X, 2 3 

0 

1 

\ 

-i 


—6 

Xj 1 1 

1 

0 

-\ 

-i 

i 

—6 

NER 

0 

0 

-J 

3/2 

-M-3/2 






Fig. 9. Unbounded Solution. 
(Feasible Region extends indefinitely) 
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Sa should enter the basis. But it has negative elements in this table. The 
ratio on R H.S. are therefore also negative. Such a problem has unbounded 
solution. 

Example 19. (Degeneracy) 

Maximise 


subject to the constraints : 

Xj-}-2Xa<4 
JCi, Jc, > 0. 


Solndoa : 

Introudcing slack variables, 
Maximise z=3jci4-9j:,+Oxj+0x 4 
Subject to JCj-f 4jr2+X|=8 
x,+2x:,+X4=.4 
Xj to x^ ^ 0. 


Fixed 1 
Ratio 

Programme 

Profit 

1 1 

Qty. 

3 

9 

0 

0 

Replace- 

ment 

Ratio 

1 

i 

t 


•*» 

X4 


Xa 

0 

8 

1 

4 

1 

0 

2 

2 










Xt 

0 

4 

1 

2 

0 

1 

1 

1 

2^ 

9 


m 


3 

9 


0 


2 

1 





t 

HH 




X, 

1 1 


-1 

i 

1 1 

1 

-2 





0 * 










1 



1 




9 

2 

2 

1 

0 

2 




18 1 


1 



-9 

optimal 


1 



“ T 


1 

2 
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Degeneracy occurs in an LPP when there is a tic in the lowest two+ve 
replacement ratios in the initial or any subsequent tables. In case of such a tie we 
select any one of them arbitrarily. Here we selected xi as the outgoing variable arbi* 
tranly and we find that the next table provides the optimal solution. (*Plemee note 
a zero in the quantity column in the 2nd table which is bound to come in a degenerate 
problem solution). A zero in the initial also means degeneracy which is resolved as 
discussed below. 

We see the case when we select x, as the outgoing variable. 


Fixed 

Ratio 

Pro- 

gramme 

Profit 

Qty. 

3 

9 

0 

0 

Replace- 

ment 

Ratio 



Xt 

i 




8 

1 

4 

1 



1 









2 

Xi 

m 

4 

1 

2 

0 

1 

2 

9 




1 

9 

0 

0 


4 




i 

t 




1 




1 


1 



2 

Xj 

9 

2 

T 

1 

4 


8 



1 


1 


1 

1 



X4 

■ 


2 

0 

2 

1 

0-<- 

3 


■ 

■ 

3 


9 



2 




4 


4 





■ 

■ 

t 






*1 

9 

2 


1 

1 

1 

4- 







2 

2 



Xi 

3 


|D 

0 

-1 

2 

0 persists 





0 

0 

3 

3 



• 


iH 



2 

2 



In the first table, we todk X| as the outgoing variable. Since the two replace- 
ment ratios were equal in this table there occun a aero replacement ratio in the 2nd 
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table We always select this zero replacement ratio as the least and he^ jf, is the 
oufttoine variable m the 2nd table. Zero replacement ratio persists in the Jfd table 
M madentally provides the optimal solution. Had it not been optimal we would 
not have accepted no*v the persisting zero ratio but the non zero, leaat+vo 
one of the neat iteration). 

Marginal value of a resource. 

Let us pick up Example 1 to explain this concept. In that example, there are 
two resources machining and assembly The optimal tableau of that example is 
reproduced below. We seen in its NER -5/4 and -1/8 below j:, and x,. The 
marginal value of the machining and assembly resources are then respectively 5/4 and 
1/8. The implication of this is that if now (at the optimal stage) we wish to bring in 
Xj in the solution the total profit will be reduced from 22 (the optimal) by 5/4 times 
the no of units of X, brought in the programme. This is demonstrated below where 
we bring x, in the programme. 

Table of page 18 is reproduced below. 


Fixed 

1 

1 

Pro- 

Profit 

Qty. 

3* 

4 

0 

0 

1 

Replace 

ments 

Ratio 

gramme 


1 

^2 

a:3 

■^4 

Ratio 


1 


1 

1 



1 — 1 

1 


Optimal table follows (rest omitted) x, is brought in the next to optimal 

table. 



' 

^3 

4 

4 

0 

1 

1/2 

-1/4 

8-<-" 

-1/2 


2 

2 

1 

0 

-1/4 

3/8 

-8 

Optimal 

table 

NER 

22* 

1 

■ 

0 

t-5/4 

-1/8 

Bring x, in 
solution 



0 

* 1 

0 

2 

1 

wm 



Xt 

3 

H 

1 

1/2 

0 

B 




12* 

■ 

t “1 

S/2 

■ 0 

-3/2 

1 
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^Profit has been reduced from 22 to 12 because 8 units of x, have been 
brought in the new solution, thereby the net reduction of profit, 10 naturally equals 
8x5/4. 


PRIMAL AND DUAL 

Example 1 is restated below. 

Maximise Z«= -f 4x, 

Subject 2x, +3 x2< 16 
4xi + 2x2^16 

Xi, Xt>0 

Call this as the primal problem the meaning of which should be clear from 
the fact that it has a unique counterpart problem known as the dual formulated 
below. The rules for dual formulation also follow. 

DUAL Minimise Z'= 16>'i+ 1 6;'i 
subject to 2>',H-4>'2>3 
3 ;’ i 4 2j'2^4 
yi, 


Rules for obtaining the dual. 

1. Select as many variables as the number of constraints in the primal 
problem. We select and yt (both of them being non-ncgative). 

2. Objective function of the dual, Z' is obtained from R.H.S. coeflScients 
of the primal constraints as below. 

Minimise Z'= 16vi+ 16^,. 

Please note that maximisation changes to minimisation (and vice versa) in 
the dual formulation. 

3. Constraints of the dual would be as many in number as the number of 
variables in the primal. Thus each constraint of the dual is derived from the 
coefficients of one variable in the primal. The profit coefficient of the primal 
variables in the objective function consitute the R H.S. of the dual problem. As 
such the constraints of the dual are gotten below. 

23'i+43',>3 

33'i+2>',>4 

yi,yt>0. 

Note that the direction of the inequalities also changes during dual 
formulation. 

In ahort, the dual is obtained by transposihg the rows and columns of jhe 
constraint coefficients, transposing the coefficients of the objective functipn and 
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jt.M.S. of the constraints, reversing the inequalities tad fiaally miaiaihiag instead 
of maximising (and vice-versa). 

In fact, it does not matter which of the two problem we call primal. 

[The student may take the DUAL above as the primal and derive its dual. 

He can verify that it turns out to be Example 1 itself.]. 

General Statement of the Primal and the Dnal 

PRIMAL : Find 0=1, 2 n) so that 

+CnX„ ii minimised. 

Subject to 

+ W»+ 4 atnXn<bt 

4Uct2^24 

DUAL 

Find yi>0(i*=l, 2 ) so that 

Z,=bi>’i4b|>’ +bm>'m is maximised. 

Subject to aiiJ'i4o,iy*+ +ff»iy«.>Ci 

aityi-ha„y,+ 40may»i>Ci 

ai«yi4ain)’«+ +amnyn>en 

Correspondence between Primal and Dual Optimal Solutions. 

We solve the dual (Esample 19) of page 47 

Example 20: Minimise Z'=16yj+16yi 
Subject to 2yi+4y,>3 

3yi+2y,>4; y„yj>0 J 

Introducing surplus and atificial variables, 

Minimise Z'=16yj+ltyf 

Subject to 2yi44yj— Si+Aj=»3 

3y, +2ya — 8*+ Ai«'4 
yi. y»f Si» 8*» Ai, Ag^o 
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Wietplvx method, we want to replace a baaic variable with a aon-basic variable i.e., 
want to zeroise an existing allocation ceil and instead make some allocatioQ ia an 
empty coll- The .problem then boils down to determination of an “outgoing 
alloQ^tion" and 9D '*incomiip£ allocation" that brings us closest to the optimal, if 
at ail possible. 



8 8 16 3 8 21 


Towards this, we arbitrarily select the empty cell (1,2), put a tide in it mean- 
ring that we fWant to make some allocation in it and reroise one (of more) existing 
allocations. For reason mentioned above one, and only one loop^ ean be formed 
in the allocation pattern. It is shown is the table above. If we bring pne unit to 
the ticked cell other allocations on the comers of the loop would be adjusted as 
below. 
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(2) These aUocations are independent i.e., a loop cannot be formed in 

them^ 

Without giving the proof, we may also mention that whenever there are 
w+«— 1 allocations and a tick is placed in an empty cell one and only one loop can 
be passed through the ticked cell and some or all of the m^-K— 1 allocations. 



Cell Evaluations 

) . Consider the initial solution to the transporation problem on hand as 
s^rtained by VAM on page 56 and reproduced above. 

I 

The allocations are m+n—1 in ftumberand-mdependesnt. It may be stated 
in passing that initial allocations obtained by Northwest Comer rale or VAld are 
always in independent positions though they may be m+n—l or less than m4 n— 1 
in number. The motivation in the optimality test is to see if it is possible to im* 
prove upon the existing solution. In the simplex language, are any of the net 
evaluations negative ? Before we attempt this for the problem on hand let us see 
what net evaluations mean in the context of transporation problems. As in the 
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The dotted lines constitute, in these allocation patterns what is known as 
loops. A loop may or may not involve all the allocations. It consists of (at least 4) 
bdrizontal and vertical lines with an allocation at each corner which, in turn 
is a join of a horizontal and vertical line. At this stage the last loop above is to be 
particularly noted. Here, two lines intersect each other at cell (2,4) and do not 
simply join, therefore, this is not be regarded as a corner. Such allocations in 
which a loop can be formed are known as non-independent. Whereas those (of 
page 61) in which a loop cannot be formed are regarded as independent. Towards 
explanation of this nomenclature consider the following allocation pattern with a 
loop in it. 


10 


10 


5 


It is possible to progressively adjust the allocations along the comers of the 
loop without violating the row and column totals. One adjusted allocations pattern 
for the above table is shown below as an example. 


4 




5 


OO 



2 




5 


12 8 5 


4 - 2=2 



5 + 2=8 


8 + 2=11 



2 - 2=0 




5 


But such a possibility of reallocation does not exist where a loop cannot be 
formed allocations are independent. 

Coming back now to the optimality test to be described shortly it can be 
applied to a transportation table if it satisfies the following conditions. 

(1) It contains exactly 1 allocations where m and n represent the 

number of rows and coiumns of the table. 
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Since only one column is left in the table above there is no question of finding 
the differences and 16 units are allocated to the various ceUs of this column 
straightway, as below. 



4 

6 


3 

3 

7 

8 


4 


9 

2 

3 

5 

4 

8 

10 


12 


0 


4 

6 

9 

8 

4 

13 


2 

4 

8 


1 

9 

OO 




9 

4 


5 


6 

9 

8 


.2 

3 

14 


7 



8 8 16 3 8 21 


10 


12 


4 


18 


20 


So many tables above have been drawn merely for exposition. As we ^iba li 
see with the following examples the initial allocation by VAM can as well be obtained 
in just one table. 

The superiority of VAM lies in the fact that, unlike the Northwest Comer 
rule, not only the availabilities and requirements are taken into account but also due 
regard is paid to the unit costs. A row and column difference actually indicates the 
minimum unit penalty incurred by failing to make an allocation to the smallest cost 
cell in that row or column. 

Optlosality Test 

Now, we know how to obtain the initial basic feasible solution but it remains 
to be tested if it is optimal and if it is not so how do we go about deriving the 
optimal solution ? Before we take up this matter it is necessary to explain the concept 
of iadcpadeaea and aon-iodepeadeaoe amongst allocations. Towards this 
consider the following transportation tables of different problems. The allocations 
in these are shown by plus signs. 
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Step 2. From amongst these row and column differences, select the one with 
the largest difference. If there occurs a tie amongst the largest differences the 
choice may be made arbitrarily. Allocate the maximum possible to the least cost 
cell in the selected column or row. Hatch that column or containing this cell 
whose totals have been exhausted so that this column or row is ignored m further 
qonsideration. 

Step 3. Recompute the coumn and row differences for the reduced trans- 
portation table and go to step 2. Repeat the procedure until all the column and 
row totals are exhausted. 

VAM is applied to the previous problem on the table above as an illustration. 
Entered in the tabic are the given unit shipping costs. 

The arrow indicates that the last column having the largest difference from 
amongst all roi^s and columns is selected for allocation. Cell (2,6) with the least 
oQi^ pipke^ up and allocated 12 units. Row 2 is hatched since its total is 

‘hiis litiScedure is ebntirttied in the following tables until all the columns and 
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|^n\X(.wise allocation, as above, arc made below. The maximum itat 


10/2/0 


12/6/0 


4/0 


18/12/9/1/0 


20/0 


8 8 16 3 

0 6 10 0 

0 _e_ 

0 

can be allocated in cell (1,1) is 8. This satisfies completely the requirements of 
column 1, but availabilities of row 1 are not completely exhausted; therefore, we 
proceed to cell (1,2) in row 1 still and allocate the remaining 2 units. This exhausts 
completely the availabilities of row 1 so that we can take up row 2. We can start 
at cell (2,2) only since column’s requirements have been completely satisfied, there 
18 nothing that we can allocate m its first cell (2,1). By the aforesaid procedure, we 
allocate 6 units to cell (2,2) and another 6 units to cell (2,3) exhausting completely the 
availabilities of row 2. This process is continued until we reach the cell (5,6). 

Now, there exist quite a few alternative methods for obtaining an initial basic 
feasible solution. However we shall consider only the Vogel’s Approximation Method 
(VAM) which is considered to be superior to all other alternatives including the 
Northwest Corner rule in that it usually provides an initial solution that is optimal or 
nearly so. Therefore, we shall also stick to it for the discussion ahead. However, 
the reader may want to try his hand on the following solved examples by 
the Northwest corner rule for sake of practice. 

Vogel'a Approximation Method (VAM) 
entails the following steps;— 

Step 1. For each row of the transportation table identify the smallest and 
second smallest costs. Find the difference between the two and display it to the right 
of that row. Likewise, find such a difference for each column and display it below 
that column. 


8 

0 


21 

20 


8 

2 






6 

6 



— 
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6 

3 

8 

1 





20 
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(it) Any appears only once in the first m equations and once in the last rt 
equations. 

Our problem is to determine the quantity that is to be shipped from the 
f— th origin to the th destination in such a way that the total transportation cost is 
minimum. The quantities of interest can be tabulated as below. 


Destioations 


Origins 

! D, 

D,.... 

D,. .. 

... D„ 

Available 

Oi 

^11 

Clj... 

.... C^j. ., 



o, 


Cg].... 


.. .. 


Oi 

C,1 

C{^ 



Ot 

dm 



> • • • • • •< 



Required 


ft,. . 

•• bj 


i 

Total 


The method for solving this class of problems consists of finding a basic 
feasible solution. If it is not optima! an iterative procedure is used to improve it. 

Initial Solution by the Northwest Comer Rule 

The idea is to find an initial basic feasible solution i e., a set of allocations 
that satisfies the row and column totals. This method simply consists of making 
allocations to each row in turn, apportioning as much as possible to its first cell and 
proceeding in this manner to its following cells until the row total is exhausted. Con* 
sider, for example, the following sample problem. This method does not use trans- 
portation costs which we shall bring in later in the other method. 

' Available 


10 

12 

4 

18 

20 


Oamiired 8 8 16 . 3 8 21., 














H 



.....m (1) 



m 




....n (2) 

1=1 


m n 


Minimise Z= ^ ^ 

(3) 

/=1J=1 

for all i,j 

(4) 


Equation 1 is interpreted as the sum of what leaves each factory for the 
various destinations is equal to what is produced at the factory, (2) implies that the 
sum of what arrives at each warehouse from the various origins is equal to the 
demand at the warehouse. The double sum of equation 3 represents the total trans* 
proatation cost. The non-negative conditions (4) arise because negative values for 
any have no physical meaning. 


Solution to the problem described hy equations I to 4 is given under the con- 
dition that 


m 


/*! y-l 



From the physical point of view this condition meAns that the system of 
equations is in balance i.e., the total production is equal to the total requirements. 
Equations (1) and (2) may be expanded as below. 


+Xin==ai 




X. 


ti 


4-^n+ 

+*** 


Xmi-l-Jfmj-l- -fX 

+*ml =*1 








This is a system of <m-f n) equations in mn unknowns ; but the equations are 
not independent. Two important observations about the system of equations are 
worth noting. 

(0 The coefficient of X{/s are either 1 or Q 


jii if n-** 
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Example 22. Find the dual of the following problem. 

Minimise Z'=30A:i+20jc, 

Subject to a:i+X|<8 

6Xi+4Xj>I2 

5xi+8x,-20 ...(/rt) 

xi, x,>0. 

The equality (iii) can be restated as two inequalities as bdow. 
5 x,+8x,>20 1 
5jCi+8x,<20 J 

5xi+8x,>20 1 
— 5jr,— 8 jc,>20 J 

The entire problem is now restated as below. 

Minimise Z=30xi+20xg 

Subject to — Xj— X, > —8 

6xi+4x,>12 
5xi+8x»>20 
— 5Xi— 8x,>~20. 

The dual is now formulated below. 

Maximise — 8ji'i+12>',+2Q>'a— 20^4 

Subject to — ;^i+6>'a+5;'8— 5;'«<30 

-:i'i+4;'a+8>',-8j'«<20 


Solution. 


or 


The Transportation Problem 

This chapter is devoted to special problems that belong to the so called trans- 
portation class. These special problems are quite important from the practical point 
of view. Their practical importance arises because several real situations can be 
described by systems of equations that fall into the transportation class. A sizeable 
application of linear programming problems have been.made in this field. 

A transportation problem can be paraphrased by considering m factories 
which supply to n warehouses or distribution centers. The factories produce goods 

at level Ci, a, Om and the demand or requirements of the distribution centres 

for these goods are bi, bn respectively. If the unit cost of sbipiuBg from 

f-th factory to warehouse J is Ctj what shipping puittf tO minimises the transportatimi 

cost? 
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Example 20, Find the dual of the following problem. 

Maximise Z=Xj-f2xj 
Subject to Xj— X2>3 

^ 0 t ^2 

Solution The 1st constraint must be brought to “<”type by changing signs 
throtlgb before we can derive the dual. This is done below. 

Maximise Z=x;i+2x, 

Subject to — Xi4-Xj<— 3 
2x,+x,<10 
Xj, x^SiO 

Dual IS now formulated below. 

Minimise Z’— — Sj'j+lOy'a 

Subject to — 

Jl+>'2>10 

Example 21. Formulate the dual for the following problem. 

Minimise 3Xj— Xj 

Subject to 2xi+Xj>2 

•Xi+3x,<3 
Xj<4 
Xi, Xj^O 

Solution. Since this is a minimisation problem first of all we make the 
type inequalities to type as below. 

Miaimse 3x,— x, 

Subject to 2xi+x,>2 

— Xj— 3x,>— 3 

Xi, x,>0. 

The dyal is now derived below. 

Maximise . 33'i— 3y'a— 4y, 

Subject to 2y-,w;v,<3 \ 

■' 3'i-33's-3'»<-r 
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Primal Optimal Table 


Prog. 

Profit 

Qty. 


Xj 

X, 

x« 



Xj 

4 

4«4 1 

0 

1 

i 

1 

-i 



Xi 

1 

3 

•*2 

1 

0 

-i 

A 1 

8 



1 

NER 



0 

0 

4 

8 



Dual Optimal Table 


Prog. Cost Qty. >-1 Sj S* Aj A, 



J'2 

16 

, 41 

6 

0 

1 

A 

8 

i 

A 

6 

-i 

1 

J'l 

1 

16 

♦ A 

4 

1 


i 

-I 

-i 

i 




1 

0 

0 

2*4 

1 

4*4 

M-2 

M-4 


Please note that marginal value of a resource is synonymous with opportunity 
cost or shadow price, 

Ecoaomic Interpretation 

We restate the pnmal and the dual below. 


Primal 

Maximise 

Subject to 2xi4-3;tj^l6 
4Xi+2xs<16 
x[, 


Dual 

Minimise Z' == 1 by, + 1 6y, 
Subject to 2y,+4y,>3 

^yi+2yt>4 

yi.yi>o 


In the dual problem, the management is interested in knowing the price it 
should assign to each resource, say for example, there is an alternative opportunity 
to the management to subcontract its machining and assembly capacities. For this 
alternative, 2yi+4y>3 means that the total price of the two resources on product 
X, must exceed its profit contribution of Rs. 3. If it does not exceed the subcontract 
alternative is it^ferior to own production. Hie objective function lby,+16y, to be 
minimised means that the management is interested in minimising the total price to 
be charged from the sub-contractors so that it is indifferent to own production and 
subcontract alternatives. Thus the dual, here, seeks to find for the management the 
optimal (shadow) prices to be imputed to the two re^oyrocs. 
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Fixed 

Prog 

1 

Cost 

Qty. 

j 1 

! 

16 

i 

0 

0 

M 

M 


Ratio 

i 

1 .. 

1 

y* 

S, 

S, 

Aj 

H 



A, 

M 

3 

2 ! 

4 

-1 

0 

1 

H 

l*- 

i 

A| 

M 

4 

: 3 

1 

2 

1 

0 

1 

-1 


1 

i 

2 





1 

16- 5M 

1 

1 

I6-6M 

t 

M 

M 

0 

0 

1 

1 

1 

1 

1 


yi 

16 

1 

1 

2 

4 

‘ 1 

1 

-i 

0 

i 

0 

1 


Aa 

1 

M 

1 i 

I ' ' 

1 

0 


-1 

-i 

1 

i 

1 


1 

1 

1 

8-2M 1 

t 1 

0 

4-JM 

' M 

1 


■ 



yt 

16 

i 

0 1 

1 

• 

i 


1 



yi 

I 16 

1 

1 

0 

j 

i 

-* 


-» 






• 

0 i 

i 

0 i 

2 

4 

M-2 



M-2j 

1 



We put the optimal tables of thp primal and the dual below to bring out the 
correspondence between them, 


*£xcept for sign reversal the value in the primal and the dual are the same. 
In other words, the dual problems gives the soluton in terms of marginal values of 
resource for the primal Problem. 

* ‘ 

**There is exact correspondence between the primal and the dual# 

Thus, we can extract the primal optimal solution from tlK duaft^ttimal table 
vice-versa. 


jf 


■j ' 


i 


it > f'i 













8-1 1+1 


This would meah lowering of the cost by 

6x1— 9x1 + 5x1— 4x1 = — 2 

This then is the net evaluation of the ticked cell and obviously it would pay 
to bring this cell into solution since the cosjt would be reduced by 2 per unit trans- 
ferred to this along the loop. Likewise, we can compute cell evaluations for 
all th6 empty celts'‘and select chat as the incoming one which has the most— ve cell 
evaluation. 

The procedure would consist of ticking each empty cell, forming a 'loop in- 
volving the tick and computing the cell evaluation for a unit transfer to the ticked 
cell along the loop. Obviously this would be a rather lengthy procedure. Fortun- 
ately there exists a much e^ier way of, computiqg cell evaluations for all empty 
cells at one stroke. This is what we described as the optimality test above and it is 
applicable to transportatloa tables containing exactly m+/r— 1 independent allo- 
cations. It consists of the following steps : 

1. Determine a. set of m+n numbora , 

Uf 1=1, 2... ...m 

v/' y=1.2....'.'.n 

such that, for each occupied cell 

9. Compute the fsll cvaluatiqas Apg for each- empty chit (p. g^tby the 
relationship («»+>'») 

Let us apply this optifliality test to the problem on 'the hand. Below is the 
table indicating just the unit costs in allocated cells in the problem on hand. We 
set Ui=0 for row, 1. It could be assigned any other value but zero has been 
assigned for ease in subsequent computations. 

Also, it is desirable to Select that/ row or column that has maximum number 
of allocations. In this case row 1 has a maximum of 3 allocations. Now, we wish 
to find the value of vi, V| and v« for the oolumus of these 3 allocations which can 
be accomplished as below. ^ 

,^i+i»j<a4 Sioca^ ifi—0 ♦ , ?i«4 r 

«► as*9 
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«< 



Values of Vi=4, Va»»9, v*=2 have been entered at the foot of each column. 
Now let us proceed with v„ v, and V 4 in turn 

vi : «a+Vj=2 Since Vi>=4 Uj= —2 is entered 

V,: W 4 +Vg =5 Since Vj«=9 U 4 «=~ 4 is entered 

V 4 : No more allocation in its column and we ignore it. 

Havtng established and entered values of Uj and u« let us take up these in 

turn. 

H, ; No more allocation in its row and we ignore it, 
w*; « 4 +v ,«=4 Since W 4 B*— 4 v,= 8 is entered 

i/ 4 +Ve =6 Since ttj»— 4 v,= 10 is entered 
Proceeding in this manner we fill up all vi's and V/’s 
In the following table, we derive for each empty cell. 




The following table gifes the cell evaluations derived by subtracting the 
above figures from the original unit costs. 


16 16 


Aj*=(w«+vj) 

Since some of the Ao’s are — vc the initial solution is not optimal. It would 
pay the most to zeroise an existing allocation and allocate as much as possible to the 
most — ve Ay cell (6, 1). There are two cells having the same most — ve Ay. We 
pick up one of them arbitrarily for ticking. 

This is done below in the allocation table by ticking cell, 1, 6 and involving 
it in the only loop possible. 


T^nsferring the maxlnmn ai^ount to the ticked Cell 


Reallocation 


The role for obtaining tite 


ion is done by transf^iningi the maximu^ 
j nin B tite maximtm amooiit (say, Q max.) 


amount to the ticked cell, 
that can be transferred 
























Starting with the ticked cell 9 is added to and subtracted from the corner 
allocations alternately. 


0 max=inin of 


.f3-(?=0 ) 
(9-e=o 


3 Thus 0 max=3 


Reallocation along this loop is shown below for clarity 

3 


Complete reallocations follows 


4 



3 
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1 4 
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12 


8 ' 
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(optimal 81 tested 
below). 
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. I'-'i ' / 
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since none of the At; JS— ve this solution is optitnai. ' i 

Least cost 4x4=16 

3x2=6 
3x8=24 
OX 12=0 
4x2=8 
8X4=32 
4x5=20 
6x6=36 
12x7=84 
8x2=16 

242 (Answer) 


Unbalanced Transportation Problem 

Example 2 ; A company has factories at A, B and C which supply ware- 
houses at D, E, F and G. Monthly factory capacities are 160, 150 and 190 units 
respectively. Monthly warehouse requirements are 80, 90, 110 and 160 units respec- 
tively Unit shipping costs (in rupees) arc as follow : 

To 



D 

E 

F 

G 

A 

42 

48 

38 

37 

Form B 

40 

49 

52 

51 

C 

33 

38 

40 

43 


Determine the optimum distribution for this company to minimise shipping 

costs 

Solntion. Ayai]8biIitie8=10O4-15O-H9O=SOO 

Requirement8=80-|- 90-f 1 10-f 160aB440 

Availabilities— Requirements »>500—440o 60. 

TheRfore, a dummy warehouse H is introduced, anddnitial lolutioti obtain- 
ed below by VAM in. just one table- 
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To 


0 

Bs 

F 

o 

H 




160 

e 

A 






! 48 



160/0 37/1/1/1 

42 


38 

37 

0 

1 80 


10 

' 

1 60 

B 1 









150/90/10/0 40*/9/ll*/l 

40 

49 

52 

51 

0 


90 

1 100 



c 









190/100/0 38/1/1/3 

33 

38 

40 

43 

0 

80 

90 

no 

160 

60 

0 

6*^ 

0 

0 

0 

1 

10* 

2 

6* 

0 

Since there 

are only 6 (one less that m-fn — l) allocations an mhnitesimally 


small aHoction e is placed in the least cost and independent cell (1,5). This solution 
it tested for optimality below. (N.B. ; If allocations were m+n— 3 wc would place 
two e’s. Cl, Cl which are virtually zero in the 2 least cost independent cells). This 
device enables us to apply the optimality test on (m+n— 1) alloctions 


Ui 



40 30 52 37 0 



25 


-12 
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2 

—2 

-14 




-1 


14 


11 



18 

12 


Ay 




Since there are — ve Au’s the initial solution is not optimal Reallocation is 
done below by ticking the most— ve cell, (1, 3) and involving it in the loop. 






V 

160 

e 

1 


80 


1 _ 

10 


_l 

64 



• 

90 

100 



Note that the maximum 
that can l^e transferred 
to the ticked cell is e. 
Since e is iniinitestimaliy 
small It leaves other cor- 
ner allocations unafTected. 
iintermediate i e., non' 
corner allocqtiqns are never 
altered in the . process of 
reallocation). 
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160 


80 


10 


60 


90 

100 




Reallocation 


This solution is tested for optimality below. 


«< 




38 

37 


40 


52 
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38 

40 




38 

52 

40 


Vi -12 -2 0 -1 -52 
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This solution is tested foi optimality below. 



Since all Au’s ore +ve this solution is optimal. The student may compute 
the minimum total cost. 

Esample 3 : Solve the following transporation problem 



1$ » 31 23 
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Since all Avt's are positive the initial solution itself is optimal. Also, since 
one Ail i* exists other optimal solution, too. 

Example 4 : A company has 3 factories manufacturing the same product 
and 5 sole agencies in different parts of the country. Production costs differ from 
factory to factory, and the sales prices for agency to agency. The shipping cost per 
unit product from each factory to any agency is known. Given the following data, 
find the production and distribution schedules most profitable to the company. 


production 

Max 

Factory 

cost/unit 

capacity 
No. of units 

i 

20 

150 

1 

22 

200 

2 

18 

125 

3 


Shipping Costs 


1 

1 

' 5 

9 

4 

9 ' 

1 ‘ 

g i.i 

■3'’ 

6 ’ 

4 

5 

3 

2 

7 

I 

2 

L 
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4 

r 

5 

80 

100 

? 

'”1 

45 

125 

30 

32 

31 

t 

34 

29 


- I 


Agency y 

- I 

Deinand to be met 

i 

sales price i 




r 


V' 
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Solatioa : The profit matrix la derived belo^ from the ^nation, profit 
■■sales— production cost— shipping cost. •i 


J- I—. 
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11 

6 
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—1 

3 

1 

9 

1 

■ {, ■ r ■ 
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8 

9 

10 

14 

4 
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Profit matrix 


It is converted to loss matrix below by changing the signs of all the figures 
in the above matrix so that we can apply our minimisation algorithm. 


-9 

-11 

-6 

—5 

—5 

1 

-3 

—1 

-9 

-1 

-8 ' 

-9 

—10 

1 

—14 ' 

f' 

-4 


We can now proceed with this matrix for minimisation of loss. However it 
would be slightly cumbersome to work with negative figures. "They can be made 
positive by adding, say 14 the Jiighest — ve number above, td each figure. This leads 
to the follQwj^g relative loss talkie, ^ 


5 

1 

3 

8 

9 

T 

9 

15 

11 

13 

5 

13 

> 

6 

5 

f 

0 

10 


'' I 

i 


Snea the problepi Is unbalanced a duauny warebema It added and tba 
initiid eolation ofaciioed by VAM below. l 














































JO 


1 


5 

10 

2l 


4 

2 

4 



• 


1 



2 

1 

5 


mitrix 


Since all A)/s are positive this solution is optimal. 
Sox 9= 450 " 

100x11 = 1100 
25x9=225 
125X1 = 125 
30x8=240 
75x10=750 
20X14=280 


Rs. 3,170 Answer. 


Example 5 : Solve the following transportation problem where ’ cell entries 
are unit costs. 


73 

40 

9 

79 

20 ^ 

62 

93 

96 

8 

13 

96 

65 

-) 

o 

00 

50 

65 

57 

58 

29 

9 

12 

t , 

87 

1 r 

56 

23 

f — 

87 

18 

12 


Availability 

8 

7 

9 

3 

I . 

5 


i Q 




1 


K 


Requiremeoti 6 


8 


fP ♦ 


4 


1 
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Solution : The initial solution by vogel’s method is obtained below : 


1 

1 

6 

34 


3 

17 

35 

28 


10 

_ 2 _ 

0 

20 * 

51* 


73 

40 

9 

8 

79 

20 

62 

93 

96 

8 

3 

13 

4 

6 

96 

1 ^ 

65 

80 

50 

65 

57 

58 

29 

2 

_ 

12 

1 

87 

56 

5 

23 

87 

18 

12 

e 


A 

0 

4 

4 

10 

42 


8/0 11 

7/3/0 5/5/54* 

9 15/15/15 

3/1/0 17/45* 

5/0 6/6 


_4_ 

0 

1 

1 

1 

52 


Since there are 8 (one less than m-^-n — 1) allocations an infinitesimally small 
allocation e is placed in the least cost, independent cell (5, 5) and the optimality test 
performed below : 




9 




39 

8 


—8 

-3 




8 

13 

0 

55 

24 

25 



96 

65 




41 

i 1 
1 

66 

49 

54 



29 

12 


4 

5 ) 

28 



17 


23 



12 

—1 

55 


24 

7 



yf 55 24 25 8 13 


(Mf+V/) 






S2 


34 

32 


87 

23 

7 

69 

71 





14 

1 

11 

-2 

30 



70 

2 


63 

11 




Ay 




Since there is a negative /\ij the initial allocation is not optimal. Reallocation 
is done below by ticking the —ve Ay cell and involving the tick in the loop. 
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Since all Au’s are +ve this solution is optimal. The student may compute 
the minimum total cost. 


Example 6. The Link Manufacturing Company has several plants, three of 
which manufacture two principal products, standard card table and deluxe card 
table. A new deluxe card table will be introduced which must be considered in 
term of selling price and costs. The selling prices are : Standard, Rs. 14.95 deluxe 
Rs. 18.95 and new deluxe, Rs. 21.95 


Requirements 

Variable Costs 

Available Plant Capacity 

(Units) 

! 



Model 

Qty. 

Plant A 

1 

Plant B 

Plant C 

Plant 

1 

Capacity 

Standard 

450 

8.00 

7 95 

7.10 

A 

800 

De-luxe 

1050 

8.50 

8 60 

8 45 

B 

bOO 

New Deluxe 

600 

9.25 

9.20 

9.30 1 

C 

700 


Solve this problem by the transportation technique for the greatest con- 
tribution. 


Solution : (This student should be in a position to follow the computational 
steps below without explanation). 


6.95 

7.00 

7.85 

10 45 

10.35 

10.50 

12.70 

10.75 

12.65 


Note : 6.95=14 95-8.00 
10.45=18.95-8.50 


Contribution matrix. 


The following relative lots matrix hat been obtained by subtracting each 
figure in the above contribution matrix from the highest figure of 12.7S and multi- 
plying by 100 to get whole numbers for ease in subsequent arithmetic. 
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450 5/10 

1050/350 5/5 


600/0 


800 600 

0 

225 240 

350 


700 

0 

215 

365 


450 



580 

575 

590 

350 


700 

230 

240 

225 

e 

600 


5 

0 

10 


The above allocation has been obtained by Vogel's rule. 

Since they are 4/,e., lless than m+n— la small allocation, e is placed in 
he least cost, independent cell 3, 1. The optimality test is performed below ; 


«< 


580 



580 


575 

575 

230 


225 

230 


225 


5 

0 


5 



0 


ft 0 -5 -5 


ut+vj matrix 



0 

IS 


15 




10 


Ali Ihatrlx 
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Since no Au is — ve this initial solution itself is normal. Also since there is 
one zero Ao there exists optimal solution too. The largest contribution 

6 95x450+10 45x350+12.75x600+10 50x700= 12785 Aaswer. 


Note . In the examples solved herein we see that sometimes wc get alloca- 
tions less than m+«— 1 in the initial solution We place e’s then in the least cost 
and independent cells It is also possible that we get less than m+«—l allocations 
in an intermediate reallocation in which case we would place e’s in the most— ve A</ 
independent cell An example follows . 


Example 7 Solve the following transporation problem for the least total 
cost using the N W. Corner rule for the initial solution. Also, formulate the 
mathematical (syn symbolic model) for the problem. 

(fl) The initial solution by the North-West corner rule is obtained below. 



4 


2 

4 

4 

1 

2 



1- 


4 



4 

3 


2 

0 




4 


1 

6 

0 

2 


2 


1 


Required 4 6 S 6 


Available 

6 


8 


10 


This solution (with 6'=m+n— 1 allocations) is tested below. 


1 

2 




3 

2 




2 

1 




1 


2 


1 


Q 
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1 

0 

2 



1 

2 

3 




(tti + V<) 


nm 


3 

4 




-1 


—1 




Ad 


Since there are — Ao’s 'he initial solution is not optimal. The reallocation is 
therefore done below by ticking cells (3, 1) and involving in the only possible 
loop. 



^moe=inin. of 
4 - 0=01 
4-0=0 y =4 
4-tf=0j 



RealloicttltHl IvliJeli li teftad /of opil« 
Qulity below by puttiof 2 hypothetical 
(infinitMlmally until) allocatione 
and *1 In the moit — te Ac and inde* 
pendent eelle. 












3 


1 


(u,+Vj) matrix 


Am matrix 


Since there is a — ve A<i this solution too is not optimal. Reallocation is done 
below by ticking — vc A«j cell and involving it in the only possible loop. 



6 





8 



4 







6 





2 

6 

4 


6 



— mm 

6-e=oi 

8 - 6 = 0 ). 

=6J 


Reallocation which is 
tested for optimality 
below. 
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i 





1 

Since none of Ay’s is negative, this solution is optimal. 

Least cost = 1 y 2+2x2-|-0x6+0x4+2x6 


= 26 (Answer). 


Formulntion of the mathematical model for the transportation problem. 



Xtf'i are allocation. 
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Minimise lA'j2+2xi2-f-4xi3+4jCj4+ 

4-^21+3An2+2X23 + 0X,4 + 

OVji-t 2jr32+2jr3,-f ljr34 

Subject to ^ii + -^ia^ -*'is+-''i4 ~ ^ 

^31+^32+X,a+X34 = 10 

Xn+Xti+X3i = 4 

^12 + ^22 + ^32 = 6 
jTia+Arjj+jfjj = 8 ; X(j ^ 0 

One of the column constraints is left out. 

The Assignment Problem 

It IS another special case of LPP It occurs when n jobs must be assigned to 
n facilities on a one-to-one basis with a view to minimising an effectiveness objective. 
An example follows. 

Example 1 : An accountant has 4 subordinates and 4 tasks. The lub- 
ordinates differ in efficiency. The tasks also differ in their intrinsic difficulty. His 
estimates of the time each would take to perform each task is given in the matrix 
below. How should the tasks be allocated, one to one man, so that the total 
manhours are minimised. 



I 

11 

III 

IV 

1 

8 

26 

17 

11 

2 

13 

28 

4 

26 

3 

38 

19 

IS 

IS 

4 

19 

26 

24 

10 


The flssigoinent problem can be solved by applying the followbg 

Step 1. Svbtract the mhiimom element of each row from tO the element! 
in that row. From each cohnno of the matrix lo obtainedi aubtract iti fflinimam 
dement. The reiulting matrix ia the itarting matrix for the following proeedofe. 

Step 2. Draw the minimum number of horixontal and vertical lines tbit 
tmtr all the zero!. If this number of lilies is n, order of the matrix, optimal asslgtl* 
ment can be made by skipping steps 3 and 4 and proceeding With step 5. if/ 
however, this dumber is less than n go to the next step. 

Step 3. Ueft, we try to increase the litimber of zeros in the ibaifix We 
select the smallest element out of these which do not lie on ally line. Subtract thla 
dement from all such (uncovered) elements and add it to the elements which atf 



placed at the instersections ' of the horizontal and vertical lines Do not alter the 
elements through which only one line passes. 


Step 4. Repeat steps 1, 2 and 3 until we get the minimum number of lines 
equal to n. 

Step 5A. Starting with first row, examine all rows of matrix in step 2 or 
4 in turn until a row containing exactly one zero is found Suround this zero 
by, □ indication of an assignment there. Draw a vertical line through the column 
containing this zero. This eliminates any confusion of making any further assign* 
ments in that column. Process all the rows in this way. 

(B) Apply the same treatment to columns also. Starting with the first 
column, examine all columns until a column containing exactly one zero is found 
Mark □ around this zero and draw a horizontal line though the row containing 
this marked zero 

Repeat steps 5A and B, until one of the following situations arises : 

(i) no unmarked (by □) or uncovered (by a line) zero is left. 

(//) there be more than one unmarked zero in one column or row. In this 
case, putQaround one of the unmarked zero arbitrarily and pass 2 lines 
in the cells of remaining zeros in its row and column. Repeat the 
process until no unmarked zero is left in the matrix. 

« Let us take the above example for solution by applying the aforesaid 
steps. 


St^ 1 

By substracting the minimum 

element of each 

row from all its elements in 

turn the given matrix reduces to 

0 

18 

9 

3 

9 

24 

0 

22 

23 

4 

3 

0 

9 

16 

14 

0 

Next we subtract the minimum 

element of each column from all elementt in 

ttifflt obtaining. 

0 

14 

9 

3 

9 

20 

0 

22 

23 

0 

3 

0 

9 

12 

14 

P 
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Step 2 

We draw the minimum number of lines to cover all zeros m the last matrix 
above as follows. To do so the first line is row 3 that contains the hightest 


--9 :2e— o— ^ 

— 3 — £>- 


number of zeros It can be seen that 4 (=n) lines cover all the xeros ; hence 
optimal assignment is possible and it is obtained by the application of step 5 
straightway below. 



The optimal assignment, then is 
1— >1, 2-»-lII, S-*'!!, 4->JV, 

Minimum time taken=84-4+ 19+ 10=41 hours. 


Example 2 : A manager has 5 jobs to be done. The following matrix shows 
the time taken by the >th job (y=l,2...5) on the i-th machine (/=!, 2, 3..,5). 
Assign 5 jobs to the 5 machines so that the total time taken » minimised. 


1 

I 9 

n 12 

m 11 

IV 8 

V 7 


Jobs 

2 3 4 

3 4 2 

10 I 11 

2 9 0 

0 10 2 

3 6 2 


3 

10 

9 

f 

1 

1 


Soladon; Subifadtidg tha fflinimtim element of aach tdW ftdlh &li l(f 
tlcfiiants in turn the given matrik reduces to 
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7 1 2 0 8 

4 2 0 3 1 

11 2 9 0 8 

8 0 10 2 I 

5 3 4 0 7 


Now subtracting the minimum element of each column from its column, the 
matrix reduces to 

3 1 2 0 7 

0 2 0 3 0 

7 2 9 0 7 

4 0 10 2 0 

1 3 4 0 6 


Next, we draw the minimum number of lines as follows : 



Since there arc only 3 lines (less than 5) optimal assignment cannot be made 
as yet We therefore, perform step 3 on the last matrix above. The m.nitnum 
uncLered etement is 1. It is subtracted from all the uncovered elements and adding 
It to those at intersections, giving thereby the following matrix. 


2 0 1 

0 2 0 

6 1 8 

4 "O 10 

0 2 3 


0 

4 

0 

3 

0 


6 

0 

6 

0 

5 
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As to be seen below minimum number of lines that cover all zeroes is 5. 



Optimal assignment is, therefore, possible and is made as per step 5 below. 



Optimal assignment, then is 

I->2, 11^3, III-4, IV— 5, V— 1. 

Minimum time=3 +84-04-1+7= 19. 

Example 3 5 salesmen are to be assigned to 5 districts. Estimates of sales 

revenue in thousands of rupees for each salesman are given below. 



A 

B 

C 

D 

E 

1 

32 

38 

40 

28 

40 

2 

40 

24 

28 

21 

36 

3 

41 

27 

33 

30 

37 

4 

22 

38 

41 

36 

36 

5 

29 

33 

40 

35 

39 


Find the assignment pattern that maximises the sales revenue. 

Solation, In order to convert this maximisation problem into a minimisation 
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problem to be able to apply the assignment algorithm we subtract each element from 
the highest, 41 and obtain the following loss matrix. 


9 

3 

1 

13 

1 

1 

17 

13 

20 

5 

0 

14 

8 

11 

4 

19 

3 

0 

5 

5 

12 

8 

1 

6 

2 


Applying step 1 to the loss matrix we derive the following matrix, in which 
t lines are drawn to cover all zeros. 



-O- 
(6 L\ 
— /_ 


The minimum uncovered element is 4 that is subtract from all elements and 
added to all elements at intersections. This yields the following matrix in which 
5 lines arc needed to cover all zeros. 



'i ^ ^ n A 



C" ^ ■ T” ^ 

) 10 a 10 c 

) a ii z c 

^ 1 /\ It . 


-1 

y 1 tj Tf — ^ 

^ £ /a a 1 

r 

^ — a 



Step 5A and B is applied below to obtain the optimal assignment. 


0 

0 . 

25 

/5 


:& 

10 

3 

I 

5 


3 

0 

Q 


ID 0 
Z 0 
0 5 
0 I 
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Condition {it) of Step B arises above ; therefore cell 2, 1 is arbitrarily chosen 
and □ put around it and a line is also drawn in the second row. 



This process is repeated below by putting □ around cell 3, 4 arbitrarily 
chosen. Therefore, 2 lines arc drawn to cover 4th raw and 3rd column. 



Th* same process is continued to yield the optimal pattern as below. 



Optimal assignment, then is 

1 — B, 2~^A, 3 — ^E, 4— and 5~>'D. ^ 

The maximum assignment profit is given by Z=384 40+37+41+35=191 ^ 

thousand rupees. 

Unbalanced Aaaignment Problema 

Like the unbalanced transportation problems there could arise unbalanced 
assignment problems too. They are to be handled exactly in the same manner / c., 
by introducing dummy jobs or dummy men, etc. The student may solve the 
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following unbalanced problem as an exercise. 

Exercise. A management consulting firm has a backlog of 4 contracts. 
Work on these contracts must be started immediately. Three project leaders are 
available for assignment to the contracts. Because of the varying work experience 
of the project leaders, the profit to consulting firm will vary based on the assign- 
ment as shown below. The unassigned contract can be completed by subcontracting 
the work to an outside consultant. The profit on the subcontract is zero. 






Contract 




I 

2 

3 

4 


A 

13 

10 

9 

11 

Project 

B 

15 

17 

13 

20 

Leader 

C 

6 

8 

11 

7 


Dummy 

0 

0 

0 

0 


Find the optimal assignment. Note that the problem is basically not only 
unbalanced (though now balanced by inclusion of dummy) but also a maximisation 
one 

Answer : A-^l, B->4, C->3, Dummy->2 

Before we explain the rationale of the assignment alogorithm the student is 
urged to solve the following exercise to familiarise himself with its mechanics. 

Exercises, Solve the following assignment problems : 


(A) 

Men 



Jobs 





1 

2 

3 

4 

5 


1 

2 

9 

2 

7 

1 


2 

6 

8 

7 

6 

1 


3 

4 

6 

5 

3 

1 


4 

4 

2 

7 

3 

1 


5 

5 

3 

9 

5 

1 

(B) 

8 

4 

2 

7 

1 



0 

9 

5 

5 

4 



3 

8 

9 

2 

6 



4 

3 

1 

0 

3 



9 

5 

8 

9 

5 


(C) 

5 

0 

6 

8 

7 

4 


5 

2 

3 

0 

6 

7 


3 

4 

4 

3 

5 

2 


3 

9 - 

7 

2 

7 

6 


9 

8 

7 

8 

4 

5 


1 

8 

7 

4 

2 

3 
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Rationale of the Assignment Alogarithm 

Step 1. The relative cost of assigning facility f to job j is not changed b 
the subtraction of a constant from either a column or a row of the original coi 
matrix. 

Step 2. An optimal assignment exists if total reduced cost of the assignmei 
is zero This is the case when the minimum number of lines necessary to cover a 
zeros is equal to the order of the matrix If. however, it is less than n a furthi 
reduction of the cost matrix has to be undertaken. 

Step 3 The underlying logic can be explained by means of matrix A i 
page 93 in which only 3 (=« -2) lines can be drawn 

An optimal assignment is not possible. Further reduction is necessary. Th 
reduction is made by subtracting the smallest non-zero element from all elements 
the matrix which is 1, 

This yields the following matrix, 

201-16 
—1 1—1 2-1 

618—1 6 
3—1 9 1 —1 

0 2 3 —1 5 

This matrix contains— ve values. Since the objective is to obtain an assi| 
ment with the reduced cost of zero the — ve numbers must be eliminated. This c 
be done by adding 1 to each of the rows and columns crossed by the 3 lines 
MATRIX A of p. 93 Doing so yields the following matrix : 

2 0 12 6 

0 2 0 4 0 

6 18 0 6 

4 0 10 2 0 

0 2 3 0 5 

All this, in fact, amounts to step 3 i.e,, add the least non zero uncover 
element to elements at intersections, subtract it from all the uncovered elements ai 
leave other elements unaltered. 

. Self-examination Questions 

Exercise I, A media specialist has decided on the allocation of advertii 
ment in three media vehicles. Let xi be the number of messages carried on the / — 
media, f=»l, 2, 3. The unit costs of a message in the 3 media arc Rs. 1000, Rs. 7 
and Rs. 500. The total budget available is Rs. 20, COO for the campaign period 
a year. The first medium is a monthly magazine and it is desired to advertise r 
more than one insertion in one issue. At least six messages should appear in t 
2nd medium. TJjp number of messages in the third medium should strictly 
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between 4 and 8. The expected effective audience for unit message in the media 
vehicles is shown below : 

Vehicle Expected effective audience 

1 80,000 

2 60,000 

3 45,000 

It is desired to build the linear programming model to maximise the total 
effective audience. 

(Answer on p 103) 

Exercise 2. A fertiliser company produces two types of fertilisers called 
grade I and grade II Each of these types is processed through two critical chemical 
plants Plant A has maximum of 120 hours available in a week and plant B has a 
maximum of 180 hours available Manufacturing 1,000 Kg of grade I fertiliser 
requires approximately 6 hours in Plant A and 4 hours in plant B : manufacturing 
1,000 kg of grade II fertiliser requires 3 hours in plant A and 10 hours in plant B. 
The maximum that the company can sell of grade I fertiliser is 18,000 kg. If profit 
IS Rs. 450 per 1,000 kg of grade I fertiliser and Rs. 550 per 1,000 kg of grade II 
fertiliser, it is required to build a mathematical model for amounts of the fertilisers 

that maximise the profit. 

(Answer on p 103) 

Also solve the problem graphically. 

(Answer : 1= 1 0.75 units 
11 = 12.50 units 
Z=Rs. 13062.50) 

Exercise 3. The Manager of Sohan Oil Co. wishes to find the optimal mix 
of two possible blending processes. For process 1, an input of 1 unit of crude oil A 
and three units of crude oil B produces an out put of 5 units of gasoline X and two 
units of gasoline Y. For process 2, an input of 4 units of crude oil A and 2 units 
of crude oil B produces an output of 3 units of gasoline X and 8 units of gasoline 
Y. Let jCi and be the number of units the company decides to use of process 1 
and process 2, respectively. The maximum amount of crude oil A available is 100 
units and that of crude oil B is 150 units. Sales commitments require that at least 
200 units of gasoline X and 75 units of gasoline Y are produced. The unit profits of 
process I and process 2 are Pi and p, respectively. Formulate the blending problem 
as a linear programming model. 

(Answer on p. lOi) 

4. Use the simplex method to maximise, 
r = 6.x -f- 5y — 3z — 4w 
Subject to the following restrictions : 

2x+3>>+2z— <w=24 
x+2y <10 

x+3’+2z+3w<15 

<8 

X, y, z, >v>0 



and P,. 
table. 


iuu 

5. Find the values ofx and }• that niaximise 
r=2,x+5j 

Subject to the conditions 

0<,i <300 
^1^600 

Solve both graphwtilly and by the simplex method (Answer : x^ay^SOO) 

6. Find Vj, .Y„ A', such (hat 

■i'-Vj3- A 3 ” 10,000 

Aj 3 (j00, V. ^ 1500, X 3552 OOO 
■Z’-Satj-I- IOao-I- 1 ] \j js minimum. 

7. Find the non-negative values of a-, y and c that maximise 3 a+5>i+4z. 
Subject to the restrictions 
2a + \i<8 
2j’+52< 10 

3y+2v+4z==15 

Also formulate the dual of this primal. 

(Answer : .x == 89/4 1. j-= 50/41, .-=62/41). 

8. Minimise r=.A3-3x3-t 2x5 

3Ar3-A;3-l-2A-s<7 
-2.X3-}-4.V3<12 
-4x24-3^3-1 8 x 6<10 

^a» ^3f ATg ^ 0 . 

9. Use duality to obtain solution to the following LPP • 

Maximise z= 6 xi-f 4 x 2 -F 6 x 3 -fX 4 
Subject to 4 xi-f 5 xj-t- 4 x 3 -f 8 x 4=21 
3A:j-f7x, 4 - 8 x 34 - 2x4<48 
Xi to X 4 ^ 0 . 

( Answer ; x^ = ^ ; max. j 

10 . Maximise z=2xi 4 - 3 x 3 
Subject to -Xi 4 - 2 x 2<4 

Xi -j- X 3<6 
Afi4-3x2iS9 
AT,, Xj unrestricted. 

(Answer: Z„a„=27/2). 

three products. X, Y. Z out of three materials P, P, 
e three products use units of three materials according to the following 
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The unit profit contribution of the three products are Rs. 3, Rs. 4 and Rs. 5 
respectively Availabilities of the materials are 10, 12 and 13 units respectively. The 
problem is to determine the product mix that will maximise the total profit. Solve the 
primal problem, write its dual and give the economic interpretations, 

Q 12. Find the maximum and minimum values ofz^Sx^+Sx^ 

Subject to constraints 

■>^i+Xj^6 


2x,+3Xi^3 

0<Xi<3 

0<jCj<3 

Solve the problem both graphically and by the simplex approach, 

(A 0 awer Opt. z=24). 

Q 13. Find the optimal solution of the following transportation problem : 



Dx 

D* 

Da 

D 4 

Available 

Oi 

23 

27 

16 

18 

30 

o, 

12 

17 

20 

51 

40 

O, 

22 

28 

12 

32 

53 

Required 

22 

35 

2S 

41 

123 

The cell entries are unit transportation costs. 


(Answer 

: Opt. 

z=2221). 


Q. 14. Solve the following transportation problem : 


D, 

D, 

Da 

D 4 

Dj Av, 

Ox 

9 

12 

9 

6 

9 5 

0, 

7 

3 

7 

7 

5 4 

O, 

6 

5 

9 

11 

3 2 

04 

6 

8 

11 

2 

2 9 

Required 

4 

4 

6 

2 

4 20 

(Answer 

; Opt. z— 

102). 



Q. IS. Solve the following transportation problem : 






Available 



8 

7 

3 

60 



3 

8 

9 

70 



11 

3 

S 

80 

Required 

so 

80 

80 


(Answer : 

opt. Z 

-75). 




Q. 16. A company has 4 machines on which to do 3 jobs. Each job can 
be assigned to one and only one machine. The cost of each job on each machine is 
given in the following table. 







Machine 



W 

X 

Y 

Z 


A 

48 

24 

28 

32 

Job 

B 

8 

13 

17 

19 


C 

10 

IS 

19 

22 


What are the job assignments which will minimise the co§t 

u - A /w%T fV ^#V\ 
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Q 17. Solve the following transportion problem. 







Stoics 




1 

2 

3 

4 

5 

6 


1 

9 

12 

9 

6 

9 

10 

Factories 

2 

7 

3 

7 

7 

5 

5 


3 

6 

5 

9 

11 

3 

11 


4 

6 

8 

11 

2 

2 

10 

Av. 


4 

4 

6 

2 

4 

2 


Requirement 


5 

6 
2 
9 


(Hint • The initial solution by VAM gives m-\n—2 allocations ; apparently 
requiring e to be put in the least cost empty cell (3, 5) but it is not independent ; 
therefore, the student would have to place e in cell (2, 3) that is next higher in cost 
and also independent) 

Also formulate the mathematical model 


How would you go about the problems solution if it were prohibited to ship 
anything from factory 3 to store 5 

Hint (Put a very high cost M in cell, 3, 5). 

Answer ; 


Exercise 1. Minimise 80,000 -1-60,000 45,000 

Subject to 1,0C0 Xi 4- 750 500 20,000 

(budget) 

Xi<12 

6 

4 

8 

Xj to X3 ^ 0 

Exercise 2. Let be the amount in 1,000 kg, of grade 1 fertiliser pro- 
duced and Xj the amount in 1,000 kg. of grade II produced. The total profit in 
Z=450 x,4-550 x,. 

Constraints 6xj-t-3xj^ 120 Plant A Capacity 

4xi-t-10xa<180 Plant B capacity 

Xi<18 
Xi, X2>0. 


Exercise 3. 


Minimise 
subject to 


PlXi+P»Xt 

3x 


^;+£;<l5o} 


Jtj, 0 

PRACTICAL APPLICATIONS OF LINEAR PROGRAMMING 


In addition to its wide use in industrial and administrative applications, linear 
programming has had extensive application to agricultural, aircraft and several 
military problems. These are briefly discussed below. The student need not memorise 
the numerical examples. They are given merely to enhance understanding of 
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applications. However, he is advised to keenly study the formulation of various LPP's 
given as examples. 

INDUSTRIAL APPLICATIONS 

These are basically product-mix problems in which the general objective is 
to derive the optimal production and procurement plan for the time period under 
consideration. The measure of effectiveness is either a defined return that is sought 
to be maximised or a defined cost that is to be minimised. Some examples follow ; 

Production Planning — the product-mix problem 

An industrial concern has available a certain production capacity on various 
manufacturing processes and has the opportunity to utilise this capacity to manu- 
facture various products. Typically, different products will have different selling 
prices, will require different amounts of production capacity at the several processes, 
and therefore will have different unit profits , there may also be stipulations on 
maximum and/or minimum production levels The problem is to determine the 
optimal mix so that the total profit is maximised Please see example 1. 

Production Planning— the production smoothing problem 

An industrial concern has the problem of scheduling its production (or pro- 
curement) over a number of future time periods with the total time span being 
considered the “planning horizon”. 

Example. The Voltex Company produces an air conditioner/heating unit, 
The company currently has firm orders for 6 months into the future. The com- 
pany can schedule its production over the next 6 months to meet order on either 
a regular or on overtime basis. Consider order and the associated production 
costs for the next 6 months are as follows : 


Month 

Jan. 

F. 

M. 

A. 

M. 

June 

Orders 

590 

610 

650 

700 

500 

700 

Cost/unit (Rs.) 
Regular Production 

50 

52 

51 

55 

47 

50 

Cost/unit (Rs.) 
Overtime Production 

62 

58 

63 

60 

55 

52 


With 75 airconditioners in stock at the beginning of January the compand 
wishes to have at least 100 air conditioners in stock at the end of June. The inven- 
tory-carrying cost for air-conditioners is Rs. 10 per unit per month. 

Let = number of units produced in month i 

(/=!, 2 6), on a 

regular or overtime basis (j=l, 2) 

>’*— number of units of ending inventory in 

month i (i=l, 2 6) 

Minimise (cost) Z^50jf,,-f-62x:„-l-52x,i-f 58x:M-t- 
5 1 -f 62x„ -1-55x41-1-60x4, -b 

47x». -b55x„-i-50x4, -i-52x„-b 
10 O'l+J’i+J'i+J'i+J’i+J',^ 
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subject to (January) 


75 +^n+-Vi»- 590 =;>i 1 

yi+X2i-i-Xii+6lO=yi I 

>’2+^'3i+-^j2-650=>'a I 
J’t+^4i+-^42-'700=j'4 I 
yt+Xr,,-i-Xii-500^yii I 


Monthly 

Inventory 

Constraints 


Xu 

< 

500 

X\2 

< 

300 

1 

X21 

< 

500 

^22 

< 

300 

I 

X.U 

< 

500 

X3J 

< 

300 

I- 

X41 


500 

X42 


300 

I 

Xoi 

< 

500 


< 

300 

I 

Xfli 


5C0 

-^62 

< 

300 

J 


j’g>7 100 (Ending Inventory 

X,, > 0, all 1 and j 
y, > 0. ally 


Constraints) 


Blending Problema. These problems are likely to arise when a product 
can be made from a variety of available raw materials of various composition and 
prices The manufacturing process involves blending (mixing) some of these 
materials in varying quantities to make a product conforming to given specifications. 
The supply of raw materials and specifications serve as constraints in obtaining the 
minimum cost material blend. The solution would state the number of unit of each 
raw material which are to be blended to make one unit of product. 


Example. A refinery makes 3 grades of petrol (A, B, C) from 3 crude oils 
(</.«./)• Crude can be used in any grade but the others must satisfy the following 


specifications 

Grade 

Specification 

Selling Price 
per litre 

A 

Not less than 50% crude d 
Not more than 25% crude e 

80 

B 

Not less than 25% crude d 
Not more than 50% crude e 

6 5 

C 

No specifications 

5.5 

There are capacity limitations on the amounts of the 

three crude elements 

that can be used , 

Crude 

Capacity Frice/litre 

d 

500 

9.5 

e 

500 

9.5 

f 

300 

6.5 


It is required to produce the maximum profit. 

Formulation. Let there be x^ litres of </ in A 

jc, litres of e in A 
jCj litres of/ in A 
yi litres of rf in B 
y2 litres of e in B 
litres of /in B 
Zj litres of rf in C 
Za litres of e in C 
z, litres of / in C 
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Then 


+ 






^ i ie.—Xi + Xi+Xs < 0 
< 1 i e.—Xi+2,Xi—Xi < 0 


Also, 


y-i 

;'i+>'a+>’3 


> i le -3yi-\ryi-Jry» < 0 


TTHfer <i“-y^+y<+y^<'> 

Xi-^yi+^i < 500,000 
Xf+yt+^t ^ 500,000 
^3+Js+^3 < 300.000 


Profit = — 1 5 + 2 5 Xj + 1 5 A’a — 3 0 4- 1 0 >>, — 4 0 — 1 0 Zj 

Diet Problems are not much different from the blending problems as 
brought out by the following example. 

Example, The vitamins V and W are found in two different foods, Fi and 
Fa. The amount of vitamin in each of the two foods, respective prices per unit of 
each food, and the daily vitamin requirements are given in the following table. The 
data indicate that one unit of Fj contains 2 units of vitamin V and 3 units of 
vitamin W, Similarly one unit of Fj contains 4 units of vitamin V and 2 units of 
vitamin W. Daily requirements of vitamin V is at least 40 units and Vitamin W of 
least 50 units. 


The problem is to determine optimal quantities of foods Fi and Fg to be 
bought so that the daily vitamin requirements are met and, simultaneously the cost 


of buying the foods is minimised. 

Food 


Daily 

Vitamin Fy 

F% 

Requirements 

V 2 

4 

40 

W 3 

2 

50 

Cost/Unit of food 3 

2.5 


Formulation 




Let Xi and Xg be the quantities of Fj and F, respectively. 

Minimise 3x,4-2.5x, 
subject to 2xi+4xg > 40 
3 Xi + 2x8 > 50 

Jfi > 0 , 

x» > 0 

T^m Problems are applicable to paper industry where paper of a standard 
width has to be cut into smaller width as per customer requirements with the 
objective of minimising the waste produced. 

Example. The Fine Paper G>mpany produces rolls of paper used in cash 
registers Each roll of paper is 500 ft. in length and can be produced in widths of 
1, 2, 3 and 5 inch. The company’s production process results in 500' rolls that are 
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n coTO^snv must cut its 12 inch roU to the desired \,,dti, 

bm cuiliiis a^ciTi.wn'-"' as\o\\oNNs •. 

^ .. . So. of S>fff 


A/ferM/^e 

I 


o 


3 


0 

1 


5 

6 


O 

0 

4 


0 

4 

2 


2 

I 

1 


/ 

0 

0 


The maximum demand requirements for the four rolls are as follows : 


ii'avte 

(inches) 

0 

0 

I 


I 

1 


Roll Width (inches) 
1 
2 
3 
5 


Demand Requirements (Rolls) 
3000 
20C0 
1500 
1000 


The Company wishes to minimise the waste generated by its production 
meeting its demand requirements. Formulate the LP model. 

Formulation. Let Xf be the number of times cutting alternative /(;=], 2, 
, 6) IS employed. 

Minimise (waste produced) Z=1 Wj+1 Xf + I x^+l Xg subject to 
6jCi + lJ^3 + 4jr,>3000 
3xi+3j: 2T' Lx3-l-4x64‘2xg^ 2000 

2x2“!" 1 x3-1-2x4-|- 1^6~1“1x4^1 500 

IX 3 +IX 4 >1000 

X/ ^ 0, for all j 

Distribution Problems 


Example. At three factories company has a total of 2000 bags of a parti- 
cular food that be shipped to five warehouses. The demands of the warehouses, the 
supplies avilable at the different factories, and the transportation costs per bag are 
given in the following matrix. 



1 

Factory 
2 3 

Demand 

1 

.50 

.65 .54 

320 

2 

.48 

.55 .60 

470 

Warehouse 3 

.72 

.60 .58 

440 

4 

.53 

.51 .57 

350 

5 

.45 

.49 .59 

420 

Supply 

900 

500 600 


Formulate the LP model. 




Prodaction Distribution Problems. These problems occur when the pro- 
ducts needed by the various destinations in a transportation problem do not exist 
io finished form but rather must be manufactured at the sources before shipment. 



Example : A decision is to be made how many units of a product to manu- 
facture at each of the 4 factories to be transported to five markets. The following 
table lists the availabilities and demands and profit per unit for the distribution 
from each market. These profits take into account the sale price in each market 
the variable cost in each factory and the transportation costs from each factory to’ 


each market. 


1 

2 

Factory 
3 4 

Requirements 


1 

S 

6 

3 8 

420 


2 

7 

8 

5 4 

490 

Market 

3 

3 

6 

7 5 

510 


4 

4 

9 

2 7 

530 


5 

4 

7 

5 3 

550 

Availability 


700 

500 

800 

1000 


Formulate the LP Model. 

Marketing Applications 

Advertising-mix problem i. analogous to the product-mix problem as 
brought out by exercise 1 m the earlier section. 

Financial Applications ; The investment protfolio selection prob'ems can 
be satisfactorily handled by linear programming as brought out by the following 
example although integer programming is more generally used in this function ; 

Example. The Agro Promotion Bank is trying to select investment portfolio 
for a cotton farmer. The bank has chosen a set of 6ve investment alternatives. 
with subjective estimates of rates of raturn and risk, as follows ; 


Investment 

Annual Rate 

Risk 


of Return 


Tax-free municipal bonds 

6.0 

1.3 

Corporate bonds 

8.0 

1.5 

High grade common stock 

5.0 

1.9 

Mutual fund 

7.0 

1.7 

Real estate 

15.0 

2.7 

The bank officer in charge 

of the protfolio would 

like to maximise 


average annual rate of return on the portfolio. However, the wealthy investor has 
specified that the average risk of the portfolio should not exceed 2.C; and does not 
want more than 20% of the investment to be put into real estate. Formulate an 
LP model for the problem. 

Formulation : Let xij be the percent of portfolio allocated to investment 
jU=U 2. 3.4,5). 

Maximise (average annual rate of return on the portfolio) Z 6%JCi+8%jf» 
+5%^i+7%t4-f 15%Xt ; subject to (Average risk constraint) 
1.3xi+1.5x,-l-1.9Ar,-hl.7.X4-l-1.7xs 2.0 

(Real estate constraint) Xg < 0.2 
(Total investment constraint) ■■ 1.0 

Xy X,, X„ Xg, X, > 0. 
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Administrative Applications 

The use of linear programming as a tool of administrative problem-solving is 
well-documented in both academic circles and the area of business operations. 
Included in these areas of application are the following. 

Pei <,onnel Asiignment Pioh/cms Q ('l)(i}) serves ns an example. 

Bidding Problems as illustrated by the following example. 

Example. A company is to subcontract work on four assemblies. The five 
subcontractois have agreed to submit a bid price on each assembly type and a limit 
on the total number of assemblies (in any combination) for which they are willing to 
contract These bids, the contract times, and the requirements for assemblies are 
gives in the following matrix. 






Subcontractor 





A 

B 

C 

D 

E 

Assemblies Required 


1 

3 45 

3 80 

3 00 

3 10 

3 70 

500 


2 

3 40 

3 13 

3.50 

3 10 

3 20 

300 

Assembly 

3 

3.35 

3 50 

3.50 

3.20 

3 40 

300 


4 

3.60 

3 00 

3.00 

3.30 

3.90 

400 

Contract 








Limits 



250 

280 

330 

360 380 



Formulate the LP model. (Hint Treat the problem as a transportation 
problem). 


Balancing Production, Inventories and Workforce 

The sales programme cannot usually be accepted as the production prog- 
ramme since it is likely to impose fluctuating load on the work facilities and 
equipment. Anyhow, m theory at least, the sales programme is a possible 
production plan on one extreme out of infinite possible plans. The sales programme 
as the production plan would keep the inventories at a minimum level (zero) but 
the fluctuations in the rates of production and workforce would be at their highest 
cost. The other extreme production plan would be to have a constant production 
rate (at the average sales requirements) so the cost of changing the production 
rate and work-force are minimal, but the inventory-carrying costs are at their 
highest. In between, these two extremes infinite number of plans involving varying 
amounts of inventory-carrying costs on the one band and costs associated with 
changing the production rate and work-force level on the other hand. 

Example on the production smoothing problem would serve as an 
illustration of their problem too. Overtime production premiums constitute the 
“costs associated with the change of the work-force level”. 

NON-INDUSTRUE APPLICATIONS 
Agriculture Applications 

These deal with somewhat different resources, but the objectives are never- 
theless same —to maximise the return from the allocation activity or to minimise 
some defined cost. Two typical problems are illustrated by the following couple of 
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®**“’P^* ^ former has 1,000 acres of land on which he can grow corn, 

wheat or soyabeams. Each acre of corn costs Rs 100 for preparation, requires 
7 man-days of work and yields a profit of Rs. 40. An acre of soyabeams costs Rs. 
70 to prepare, requires 8 man days of work and yields a profit of Rs 20 If 
the farmer has Rs. 100,000 for preparation and can count on 8000 man-days of 
work, how many acres should be allocated to each crop to maximise profits ? 
Formulate an LP model. 

Formulation. Let Xj, x^, and jtj designate the acrage of corn, wheat and 
soyabeams respectively. 

Maximise Z=30Xx-|-40jf2-f 2O3 
subject to (Money) 100j:i-F120.r2-f-70x3<l00,000 

(Man-day) VXi+lOjCj-f 8x3 <8,000 

(Acrage) x^+x^-fx^ <1000 

Xi.x^x^ ^0 

Example 2. The managers of several cattle feed lots are interested in deter- 
mining how many of each of several types of livestock feeds to purchase in order to 
satisfy the nutritional requirements for their livestock. They wish to purchase these 
foods in a manner that minimises the cost of feeding their livestock Relevant 
costs and nutritional data is as below. 

Required Units of Nutritional Elements Minimum 


Nutrient 

Alfa 

Corn 

Soyabeams 

Sorghum 

Nutrient 

Requirement 

Nutrient A 

40 

50 

30 

60 

500 

Nutrient B 

30 

60 

35 

40 

750 

Nutrient C 

25 

30 

25 

50 

600 

Cost per unit Rs. 1.00 

Rs. 1.25 

Rs. 95 Rs. 

1.35 


Formu'ation, 

Let Xf to be the number of units of 

food type j 

= (1. 2, 3, 4) 


used 

Minimise (Cost) z= l.OOXi-f 1.25xj-l-C.95x3-!-1.35x:4 
Subject to (Nutrient A) 40x:i-F SOx’j -F 30x3 -f 60^:4 > 500 
(Nutrient) B) 30xi-l-60xj-l-35x,-f 40x4> 750 
(Nutrient C) 25xi-l-30x2-|-25xs-l-50x4> 600 

•Xi, Xj, X 3 , X4>0. 


Flight Scheduling Applications 

Linear programming has been effectively applied to a variety of operational 
scheduling problems. 

The most common example of this type is the flight scheduling problem. 

Example. North-East Aircraft company, which operaters out of a central 
terminal, has 8 aircrafts of Type I, 15 aircrafts of Type II, and 12 aircrafts of Type 
III available for to-day's flights. The tonnage capacities (in thousands of tons) 
are 4.5 for Type, 1.7 for Type 11 and 4 for Type III. 
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The company dispatches its planes to cities A and B. Tonnge requirements 
(in thousands of tons) are 20 at city A and 30 at city B ; excess tonnage capacity 
supplied to a city has no value. A plane can fly once only during the day. 

The cost of sending a plane from the terminal to each city is given by the 
following table : 

Type I Type II Type III 

City A 23 5 1.4 

City B 58 10 3.8 

Formulate the LPP model to minimise the air-transportation cost. 

Formulation 

Aircraft Type 
I n III 

8 15 12 (Nos.) 

4 5 7 4 (capacity in tons) 


Tons 


Xu 

1 

■^12 


Xi 3 

A (20) 

23 


5 


1-4 


Requirements 




X 22 


X 12 

B(30) 

58 


10 


3 8 



Cost Matrix 


(Cost of sending a plane) 


Let jCji be the I planes coming to A, xi, the II planes coming to A ; and so 
on. 

Min. Z= 23 xji + 5.^124 1 4 x'i 34 - 58 .x: 2 i 4 - 10 jrij +3 8x23 

4.5.Vii+7j^12H-4Xi3 > 20 

4.5x2i+7xaa44xa3 > 30 
■^21”!” *^11 ^ ^ 

•«22 + ^ I 2 < 15 

•^2S"1” ^ 12 

Xm ^ 0. 


Other applications of linear programming include structural design, sche- 
duling military tanker fleet, minimising the number of earners to meet a fixed 
schedule, the least ballast shipping required to meet a specific shipping program, 
cost cutting in business, fabrication scheduling computations of maximum flows in 
network, steel production scheduling, stocks and flows, the balancing of assembly 
lines, etc. 

As such linear programming has contributed greatly to the enhancement of 
productivity at the firm, industry and national levels and continues to be promising 
in this regard. 




Ill 


Limitations of Linear Programming 

1. All relationships are linear. This may not strictly hold good in many 
real-life situations. The following are few examples. 

(a) Profit co-eflScients in the objective function would spoil the linearity 
assumption if there are significant semi-variable costs, in which case the objective 
function would, m fact, be stepped. 

(The learning curve phenomenon would render the constraints non-lincar 
in a product- mix problem. Consider, the example, two models of a new helicopter 
as the products in such a problem. The first helicopter (of, say. the first model) 
would take more time than the 2nd helicopter (of the same model) because the 
workers would have gained experience or learnt. In linear constraints it is assumed 
—wrongly— that time per helicopter stays the same. 

(c) Often the production cost may not be a linear function of the output. 
It may, for example, vary m direct proportion to the square root, square, etc. of 
the quantity to be made Also price and demand are often not independent. 
Consequently, the profit may be a non linear function of the quantity which renders 
the objective function non-hnear. 

In fairness, however, many non-hoear relationships can be well approximated 
by linear curves. 

2. All constraints and coefficients are stated with certainty. This 
may not be so, for example, in the case of an objective function that is in the 
form of a payoff table discussed in Study II. Nevertheless, the probabilistic LPP 
can be solved with advanced and complicated/lengthy arithmatic under such 
circumstances. 

3. Solutions in fractional units are permissible. This would be valid it 
the variables are continuous (viz., gasolines) but if they arc discrete (viz. heli- 
copters) the optinal solution ^ say x:,=2-|— and x:,=3-^j may or may not 

provide near-optimal solution upon rounding off. Sometimes the rounded values 
may yield the profit (or cost) that is widely off the optimal value. Under such 
situations the technique of integer programming is more appropriate. 

4. In real-life problems the constraints and variables arc far too numerous 
and the computer becomes a necessary adjunct. 

Sensitivity Analysis 

Sensitivity Analysis is concerned with the extent of sensitivity of the optimal 
solution to an LPP for change in one or more of (i) the profit or cost coefficients of 
the objective function, (ii) L.H.S. coefficients of the variables in the constraints 
and (iil) the R.H.S. quantities of the constraints. The need for this analysis arises 
from two reasons : (1) the aforesaid coefficients arc after all estimates only and arc 
liable to be inaccurate to some extent. If the optimal solution is rather insensitive 
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not much effort need be expended in estimating them. If, however it is sensitive 
to changes in these the coefficients would have to be estimated after painstaking 
research in the relevants data (2) The management can manipulate these coefficients 
and relax the constraints in several situations. For example, selling prices can be 
increased in a product-mix problem to increase the unit profit or time requirements 
of a product at a workcentre may be diminished by improved methods or extra 
equipment may be installed to increase the capacity availability i.e. the R H.S. 
quantity. Management would then naturally be interested m knowing what effects 
these manipulations have on the optimal solution. 

Now the optimal solution to an LPP consists of two parts. For example, 
in a product-mix problem, it would comprise (i) the optimal profit and (ii) the 
decision variables or products in the basis and their quantities to be manufactured. 
Sensitivity Analysis may be carried out graphically for a two product problem, but 
for larger real-life problems use has to be made of advanced simplex theory on the 
final simplex tableau. 

For the profit (or cost) coefficients, sensitivity analysis determines the range 
wiihin which each of these can be varied without altering the basic variables. 
Likewise, it indicates to what extent the R.H.S. quantities can be increased without 
altering the existing basic variables. (The determination of effects on the optimal 
product-mix for addition or deletion of a constraint or a variable also falls under 
sensitivity analysis). 

It IS easy to discern that from the management’s point of view the inform- 
ation provided by sensitivity analysis may be far more useful than the single 
optimal result In a way, sensitivity analysis a makes the static LP solution a 
dynamic tool that evaluates changing conditions. 
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1 lutrodiiction 


ScveuI management planning and control situations involve one lime pfo- 
jcits rathci lhan (onimuing processes Examples from fairly diverse fields could be 
Cited at once Some of these are as follows 

1 Building a new bridge over the Ganges 

2 Introducing a new pioduct. 

3 Manufacturing 20 helicopters of a special design for the lAF 

4 Shifting a manufacturing unit to another site, 

5 Overhaul of a blast furnace. 

6 Executing a large aiid'complex order on jobbing production. 

7 Sending a spacecraft to the Mars 

8. Construction of a 15-storey building 

All these projects arc characterised by the following set fof common impli- 
Ci.i'dis although they pertain to wide'y ditfercnt fields , 

(A) Discrete beginning eg , 31st Jan ’79 

(B) Discrete end, eg, 1st Jan ’82 

(C) They are more or less unique in nature Neither in the past nor in the 
future they are likely to be undertaken substantially in the same form 

(D) They involve co-ordination of activities of numerous agencies, depart- 
ments, vendors, research institutions, contractors, consultants, etc 

(F) Durations of the various activities involved are rather uncertain At 
this stage, however, the projects can indeed be dichotomised. Some projects, such 
as construction of a 15-storey building, are really not fraught with much uncertainty. 
Over the years the contractor* do acquire empirical timings of such activities as 
pouring concrete, laying bricks fitting window panels and so on. As we shall see a 
lulle later, such projects are amenable to the Critical Path Method (CPM) for 
planning and control Now take the case of the projects of introduction of a new 
product and sending a space-craft to the Mars, Not to speak of durations of 
activities, it IS extremely difficult even to list all the activities comprehensively. For 
the latter problem, there is no solution but to review the project periodically and 
add to or drop activities from the list of activities foreseen at the commencement of 
the project, depending upon the turns the research takes. But this is no excuse 
for starting with an ill-conceived list. All possible activities should be visualised 
and listed Such projects are handled by PERT. 

Let us define an activity formally to make the discussion more meaningful. 
This is in the context of CPM and PERT, both of which entail network of activities 
and events represented by arrows and circles respectively. An activity is a part of 
a plan to which a known resource will be applied. It is preferable for one activity 
to only refer to a single resource, responsibility, or homogeneous combination. For 
example, “lay pipe” is an activity requiring mainly effort and “mix concrete” is an 
activity requiring mainly equipment. 

Having sorted out the activities a network model depicting the activity 
dependency relationships is constructed, drawn. Three kinds of activity 
dependencies can be distinguished. First, an activity cannot be started until one or 
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Iftore other activities have been completed. You cannot place the roof until yort 
laid the foundation and built the walls Therefore, for each activity such preceding 
Activities, upon completion of which only the former can be undertaken, have to 
fee sorted out. Obviously, the very first activity is exceptional in that it is preceded 
[by none other Second, when you have completed an activity you arc in a position 
fto start one or more other activities. Obviously, again, if the activity is the last one 
there is no question of starting any activity after finishing it. After having put the 
roof you are in a position to put a false ceiling or ereet the terrace. It is necessary, 
therefore, to sort out all the activities that can follow at once after completion of 
each activity Third, there are activities that can be undertaken concurrently with/ 
without some off-setting in time. You do not need to wait to lay pipe until you 
have dug the whole trench You may do a bit of trenching and then lay the pipe. 
Then on, the two activities can proceed concurrently— dig, lay , dig, lay and so on, 
last bit being lay. 

In a more relevant situation, you may find several departments m a jobbing 
manufacturing unit doing design, printing drawings, writing operating sheets, 
estimating time and costs, designing special tools, jigs and fixtures, actual manu- 
facture— all being done concurrently with offsetting m the above sense Once you 
have sorted out these dependency relationships you can draw a network of arrows 
representing activities and portraying dependency relationships. There are simple 
arithmctic/analytical means by which the critical path, that is the sequence of 
activities with the Vonjest duration, can be singled out. (Occasionally, there 
may be more than one critical path, i e , two or more sequences equalling in 
duration). Such a critical path, may^be the one encompassing activities of floating 
enquiries for imported components, choosing the right bid, placement of orders 
for imports after clearance from appropriate authorities, receiving materials, in- 
specting these and finally issuing them. This sequence IS, say, 18 months, where- 
as that of designing, writing operation sheets, manufacturing special tools, jigs and 
fixtures may be, say, months. There could be several other sequences of 
durations less than 1 8 months Thus you can be slack on the non-critical paths 
and concentrate your effort on the critical path activities. The non-critical path 
activities would have, then, some slack (i.e , float or leeway) associated with them. 
Whereas any delay on the critical sequence would surely lead to the corresponding 
delay in the project completion this may not be so with the non critical sequences. 
You can delay those by utilising their float without pushing the completion date 
forward. 

Now another interesting and extremely useful point arises at this stage. We 
can indeed arrange the activities in order of their floats. Roughly, the activity 
with the least float, the one on the critical path should receive the high priority 
and the priorities of the non-critical activities may be estabhshed in order of the 
floats. The more the float 'the lower is its priority. This then, provides us a 
criterion for apportioning the resources that sre usually limited. This process of 
apportioning the resources may also be called resource allocation. 

Like the activities, i^e resources may also be critical and non critical ones. 

^You may be having a surplus of cranes, but a scarcity of buUdozers. This we say 
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and emphasise for it is practical to consider only those resources that are limited ; 
because the number of activities in the sort of projects under discussion would 
easily run into hundreds, if not thousands If, therefore, numerous resources are 
sought to be permuted with myriads of activities, the problem of resou'^ce allocation 
would be virtually intractable even with a computer Several computer packages 
have been offered by the computer manufacturers and other agencies for resource 
allocation none of which is technically and practically perfectly sound. It is highly 
desirable therefore to screen the resources patiently and ‘retain’ only those that are 
really limited ; it would not be surprising to end up with few such resources thereby 
making the resource allocation problem manageable. 

Regarding the other set of projects which have a great deal of uncertainty 
associated with the activity durations. "PERT is mure handly Three time estimates 
of each activity are made — optimistic, normal and pessimistic. We shall define 
these inherently subjective estimate but it is easy to get the essence Bela distribution 
IS assumed for the these “guess estimates’’ and the expected time and its standard 
deviation, S, are derived as shown below : 

o 6 

Where estimate 

r„=normal estimate 
rp= pessimistic estimate 

There are other minor differences between CPM and PERT. Many of them 
have submerged with time. And often the two names are used interchangeably. 

The student is already familiar with jobbing production. Gantt chart was 
applied in the past for planning and progressing of such production It is still 
useful for minor jobbing work, but for complex projects, it had to give way to CPM 
and PERT. It is neither capable of portrayiug the activity technological depen- 
dencies nor slippages or shortfalls against the plans which themselves are changing 
to suit the circumstances. Several States in the U.S.A. have accorded recognition 
to this fact and made it incumbent upon the [contractors to supplement their bids 
with a network plan. 

Projects of great size and complexity would call for substantial investment 
and it is obvious that a great deal of judgment is needed on the part of the mana- 
gement before granting their financial approval and the signal for go ahead. Also 
it would normally not be just one project they would be concerned with. There 
may be numerous other projects under execution and several others awaiting 
approval. Management has to apportion capital appropriately. There exist 
techniques such as discounted cash flow to analyse the feasibility of such projects 
as regards investment ; the student is referred to study No. V in Financial 
Management. 

In view of technical complexity and large investment, it may take several 
months for the management at various levels up the hierarchy to review the pro- 
posal once conceived and put in writing by someone in the organisation until it is 


*AbbreviatlOn for Prog r am Evnlnntinn A Tleview TM*hninii» 
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approved or discarded. Another interesting and heartening aspect with regard to 
these projects is that the customer is unusually co-operative. This is of necessity 
since only few firms would be capable of undertaki ig such projects, occasionally 
even on global basis Also, the project management would not be in a position to 
conceive the project technically m detail at the outset. It is inherent in view of the 
oft-repeated complexity. The customer would, therefore, usually be asking for 
design modifications even when the items on which such changes are sought are in 
mid stream, i e under production He would be willing to provide assistance in 
design and even supply some especial raw materials difficult to procure Negotiat- 
ions regarding price and item-wise delivery schedules may be un-cnding but only 
when the project is completed. 

Activities 





CPM portrays a real-life project by a Network Diagram. The basic compo- 
nent of this diagrammatical model is the arrow that represents an activity. One 
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activity IS represented by one arrow The tail of the arrow represents the starting 
point of the activity and the head represents the completion The arrow is not a 
vector and need not be drawn to scale It may be straight, slanting, or bent, but 
IS not broken. In Fig 1, five arrows representing activities (eg., obtain materials, 
lay bricks, grind tool etc ) arc shown A project entails several activities. The 
arrows are arranged to show the plan of logical sequence in which the activities of 
the project arc to be accomplished. The sequence is ascertained for each activity 
by the following three queries : ' v ^ 

1 What activities must precede this one ? 

2 What activities can be concurrent with this one ? 

3 What activities must follow this one ? 

2 1 Events 

An event is represented, usually, by a circle and the event number is en- 
closed in It, e g , events in Fig 2. Fxamples of events would be. 

1. Material procured 

2. Design completed 

3. Project completed 

4 Bricks laid, etc 

All activities must have commencement maiked by an event Such events 
are called the tail events because they are connected to the tail of an activity as 
shown in Fig 3 Similarly, alf activities have tcimmal point called the head event, 
because it is at the head of an activity These arc shown m Fig 4 Fig. 5 depicts 
the tail and head events connected by arrows representing activities, i e., depicts 
the dual role of an event. Event (14) is head event for one activity and tail event 
for another activity 

In the CPM tabulations to follow shortly, i is used as a short hand for the 
tail event and j for the head event of an activity. The activity, then, being i—y. 
Thus in Fig. 6 activity 1-3 is followed by activity 3-9 or activity 3-9 is preceded by 
activity 1-3 

It IS not unusual to designate the events by symbols other than a circle, e g , ^ 
square, oval, rectangle, etc- Wc shall, however, stick to the most common conven- ^ 
tion, the circle. 

2 2. Logical Connection of Activities 

There are a number of abstract logical rules which arc useful in portraying 
the activity inter- dependencies in an appealing manner. 

If activities are m senes representation is to be as per Fig. 6. 

In a project of laying pipe the three activities : 1-3, 3-9 and 9-10 may de- 
signate trenchiogi laying pipe and welding pipe. The three activities have to be 
carried out in series the reasoning being that the pipe cannot be laid until trench- 
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ing has been done and welding cannot be undertaken until the pipe has been 
laid. 

If. however, two activities say, 3—9 and 3-10 are both dependent upon 
activity 1-3 the representation would be as in Fig 7 Fig 8 shows a case where 
activity 3-9 is dependent upon two activities 1-3 and 2-3 

Fig. 9 shows an incorrect portrayal and the correct one for the following 
activity dependency relationship : 

3 — 5 dependent upon 1-3 

3—4 dependent upon 2-3 

2,3. The Dummy Activity. It is represented by a dot ri It is a 
hypothetical activity that is supposed to consume no resource and tii lia-i ,cr. It 
IS put to the following couple of uses 
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Setting the logic right : Fig 10 shous three cases for the following set of 
dependency relationships. 

Activity C dependent upon both A and B. 

Activity D dependent upon A alone. 

The first portrayal (on top left of Fig 10) is clearly wrong since it shows D 
as dependent upon not only A but also B which is not wanted. The other port- 
rayal IS wrong too since A is being shown twice and this contravenes the funda- 
mental axiom of network that there must be one arrow for each activity. The way 
out to this dilemma is the representation by means of the dotted arrow called a 
dummy activity. It has no duration and consumes no resources ; but is used to set 
right the logic In this example, C is dependent upon both A and B (via dummy) 
\vhercas D is dependent upon |ust A The dummy activity may be likened to 
zero in Mathematics 

Exercise I ; Interpret the dependency lelaticnship is portrayed by the net- 
work m Fig 1 1. 

The dummy activity, in addition to setting the logic right, serves another 
purpose also It is customary to identify an activity as i-; or 1-2, 2*6, 17-31 etc. 
In Fig 12A, two separate activities are inadvertently designated by 1-2. This is 
circumvented by introducing a dummy in either of the diagrammatic ways of 
Fig 12B or I2C. Thus, a dummy activity docs not consume any resoui'ces ; but is 
merely used to set the logic right or for proper identification of more than one 
activities having the same tail and head events. 

2,4 Caution about loops ; In all the above diagrams the arrow points 
from left to right. This is a convention to be strictly adhered to as this would 
avoid the illogical looping as shown wrongly m Fig. 15. 

Activities 2-3, 3-4 and 4-2 constitute an illogical loop. 

If, as an instance, they represent trenching, laying pipe and welding pipe 
respectively this would constitute a loop and illogically imply a never-ending cycle 
of trenching, laying pipe and welding pipe. Furthermore conventionally, coding 
. of an activity by 4-2 is incorrect. J should alwrys be greater than i. This is more 
fully discussed below : 

2 5. Numbering the Events : Numbering could be random. It does not 
matter, for example, if an activity is identified by 1-12 or 12-1 etc, but keeping i 
smaller than y has justifiable grounds. When the jiumbers are in the sequence 
it facilitates rapid processing of the network, because it becomes possible to' move 
in an orderly way towards the end event. Such sequencing also minimises the pos- 
sibility of dropping an activity in the process of numbering when the network has 
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been drawn With a computer the sequence is not so useful and random number* 
ing IS sometimes employed. It is, however, a good practice to make /<y a univer- 
sal rule. The numbering scheme of Fig. 13 is to be recommended when the net- 
work has been finally drawn. 

Proceed from left to right. The event with the least x-coordinate is assigned 
the smallest integer, say, 1 . Other events are assigned progressively higher integers 
with regard to Jf-coordmate. If two or more events (4 and 5 in the above 
example) have the same x-coordinate the one towards arrow should have higher 
number. 


Furthermore, it is not necessary, and in fact also not desirable to number 
the events consecutively It would be a better scheme to number the events as 10, 
20,30,40,50,60, 70, in the above diagram instead of 1. 2, 3, 4, 5, 6, 7. This 
affords insertion of more activiiies and events omitted by oversight or having be- 
come necessary in view of certain logic revisions 

It was mentioned earlier that it is desirable that all the activity arrows 
point from left to right. If the arrow is vertical it may point downwards or up- 
wards. 


For the sake of presentability, it is to be recommended that activities ema- 
nating from one event or converging to another make as great angles between them- 
selves as possible, 

A few more conventions are given below ; 

(i) Keep the arrow to the extreme right, (ii) As far as possible avoid draw- 
ing arrows that cross each other. Usually by suitable ‘stretching’ the network 
diagram it is possible to avoid this, (m) Where, however, crossing is unavoidable, 
bridging may be done. This applies to dummies as well. Draw boldly a big net- 
work. Smaller ones are confusing. Use of pencil and rubber is recommended. 

Example 2 • Depict the following dependency relationships by means of 
network diagrams. The alphabets stand for activities. 

1 . A and B control F ; B and C control G. 

2. A and B control F ; B controls G with C controlling G and H. 

3. A controls F and G ; B controls G ; whilst C controls G and H. 

4. A controls F and G ; B and C control G with H depending upon C. 

5. F and G are controlled by A, G and H are controlled by B with H con- 
trolled by B and C. 

6. A controls F, G and H ; B controls G and H with H controlled by C. 
(Answers are te be found at the end of the Study.) Trial and Error is 
the way out ; therefore, use a pencil and a rubber. 
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Examples: Find out the supcrOuous (unnecessary) dummy activities ia 
the networks below , 



Network Construction 

Example . The activities involved in the computer installation process are 
detailed below You are required to draw the network. 


Activity Predecessor 

Activities 

A. Physical preparation None 

B. Organisational planning None 

C. Personnel Selection B 

D. Equipment Installation A 

E. Personnel Training C 

F. Detailed Systems Design C 

G. File Conversion F 

H. Establish Standards and Controls F 

I. Program preparation H 

J. Program Testing I 

K Parallel operations D, E, O, J 

L. Finalise systems documentation I 

M. Follow up K, L 
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Solution ; 

The network is drawn below. The construction has been earned out step 
by step which is exp/ained below. The symbol ‘Z’lSto be read as “precedes” in 
these figures. 

(i) Since A and B are preceded by no activity they are shown emanating 
from the start event. We do not put arrows and the head events for A. and B be- 
cause they have been drawn as such only tentatively In the following step (s) 
their position may have to be changed 

(ii) Here C is shown as dependent upon B. Again we neither show arrow 
and nor the head event of C because its position jartcntative. 

none LA 

none /E B 

'I) 
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(lii) D IS shown as dependent upon A. 

(iv) We get bold now and in the same step we show C preceding E and F. 

(v) F IS shown preceding G and H, H precedes I and I precedes J. 

(vi) K is shown as dependent upon D E, G and J, the latter four, therefore, 
are made to converge on the same head event. 

(vii) L is shown as dependent upon I, and M as dependent on K and L. 
Note carefully that K and L are the terminal activities and, therefore, converge on 






' the last event. About this point the student is cautioned since the beginners do 
tend to show the last activities dangling and do not converge them to the common 
tost event. 



Of course, the network would be constructed in just one diagram. We drew 
so many lor explanation only. However, fora stylish presentation it is desirable 
that th*' diagram is suitably stretched i.e., faired up m another diagram. The 
student may number the events as an exercise. 



Example : Construct the network for the following activity data. 


Activity 

Preceded by 

A 

None 

B 

None 

C 

A 

V 

H.C 

E 

D 

F 

E 

G 

B.C 

H 

F 

I 

F,G 

J 

H,l 

K 

B 

L 

f,g,k 


The network is drawn below step by step with dependency relationships 
that are incorporated at eabh step which the student should, by now, be able to 
follow. Please carefully review the steps where dummies are incorporated. 
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The student may number the events as an exercise. 

2 6. Concurrent activities 


Activities may not always be discrete, i c , they may be done in part allow- 
ing the subsequent activities to commence before the preceding activity is fully 
completed. Activities of this kind arc to be frequently encountered in batch 
production. If, for example, a batch of 50 spindles is to be processed on two 
machines obviously it is not necessary to process all the items of the batch on the ' / 
first machine and then transfer these to the next machine A few items processed 
on the first machine may be transferred to the second machine before completion 
of tbe entire batch on the first machine. Since this is a matter of great practical 
importance we shall dwell upon it at a greater length Such simultaneous or 
concurrent activities are to be encountered in sewarage work e g , trenching, laying 
pipe, welding pipe and back filling all going, on simultaneously with suitable lags 
on construction work 


Example : A batch of 4 axles is to be processed on the following rbree 
machines in this sequence : 

Lath (L), Milling (M) and Grinding (G) 

Instead of first working on these 4 axles on lathe and then on milling and finally 
on grinding in sequence, it is desired to process the first axle on the lathe and as 
and when it is processed, it is taken up on milling and the 2nd axle on the lathe, 
and so on In other words, each of the three activities L, M and G have been 
quartered for the sake of concurrent operations. You are required to draw the 
network 


Solution ; The dependency relationships are sorted out hereunder : 


Quartered | Preceded by 


Activity 


Li 

None 

L, 

Lx 

L, 

L, 

L* 

L, 


Lx 

M, 

L*, M, 

M. 

L3, M3 

M, 

Lx, M, 

Gi 

Ml 

G. 

M,. Gi 

G. 

M3, G, 

G* 

M*.G, 
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The network is now constructed below (The student is urged to draw his 
own network. Mere understanding of our solution is not enough). 



(N.B. : The concurrent activities so drawn are-known as ladders' in 
the network jargon.) 

4. Critical Path Analysia 

You have already been familarised with the logic of the network analysis by 
way of introduction of this study paper. It is as simple as sorting out fur each 
activity : (0 activities that should immediately precede it, (//) the activities that 
are concurrent with it and (iU) the activities that can be undertaken immediately 
after its completion. For projects that arc worth treating by the network analysis, 
a great deal of practice is, however, needed in listing the activities comprehen- 
sively and then establishing these technological dependency relationship. 
This 1 $ because the real life projects are so complex that activities tend to run 
into several hundreds in number. Obviously the analyst should be an expert in 
the field. If, for example, it is a construction project, he may be an architect or 
a civil engineer. More than one analyst may be needed for such projects as the 
space-crafts. The analyst would be constructing the network. The analysis of the 
network may either be done by the computer or himself, i.e., finding critical path 
and floats. 

The purpose of the analysis is two-fold : (/) to find the critical path, /.e., 
the sequence of activities with the longest duration. Once it is found it is marked 
in bold sequence of arrows on the network. For a simple network as of Fig. 26 
the various sequences can be enumerated and the durations of activities encom- 
passed by them simply added, to find the critical sequence. As stated earlier, one 
could indeed end up with more than one critical sequence ; and (U) to find the 
float associated with each non-critical activity. 

Systematic analysis : The enumeration method would be too cumbersome 
computationally for any real-life project. Even the computer would be hard 
pressed to proceed this way. There is a systematic way that cuts short the 
analysis time to manageable proportions. Let us say that event 1 starts at 7«ro 
time. Zero time is called the base— the base could well be calendarised e.g., Jan. 
15,1976. The activities are normally listed as below and showm in flg. 26asg 

I nMtwnrIr 



IS 


Activity 

Description 

Dw at ion < 

1—2 

Market research 

15 

1--3 

Make dra'vngs 

15 

2-3 

Decide production policy 

3 

2-5 

Prepare sales programme 

5 

3-^1 

Prepare operation sheets 

8 

3—6 

Buy materials 

12 

4—5 

Plan labour force 

1 

4-6 

Make tools 

14 

5-6 

Schedule production 

3 

6—7 

Produce product 

14 


B-i6 



Fig 26 

Aral}img the Network 

Consider Event 3. It can be reached directly fiom event 1 or via event 2. 
The tunes for the two sequences being 15 and I'i + S' 18 Activities emanating 
from event 3 can only be undertaken when 1 — 3 and 1 — 2 & 2 — 3 are finished It 
should be obvious that 1 — 3 can be delayed by 18 — ]5»3 days which is called 
the float associated with 1 — 3. It can easily be noticed that the other 2 activities 
on the critical path can have no float They must be completed within the 
duration specified ; and delay on these would delay the completion of the entire 
project Also, it can be seen that the earliest the activities emanating from event 
3 can commence IS the 18th day This is designated by putting E=18 around its 
node in the network diagram. Likewise, we can compute the earliest start, E, 
for each event by proceeding progressively from left to right by the following 
rule . 


If only one activity converges on an event fis earliest Stan E is given by E of 
the tail event of the activity plus activity duration. If more than one activity converge 
on it E's via all the paths would be computed and the highest value chosen and put 
around the node» 



The £ s worked for the example at hand are shown in the network 
diagram. 

Now work backwards ‘proceeding’ progressively from the end event to the 
start event by equating L, the latest time of the completion of the last event, to its 
E, / e., L*=54 for the end event. The L’s for the remaining events would be com- 
puted by the following rule. 

If only one activity emanates from an event compute L by subtracting activity 
duration from L of its head event. If more than one activity emanates from an eyent 
compute L's via all the paths and choose the smallest. Put it around the node of event 
at hand. 


The L’s are worked for the example at hand and are shown in the network 
diagram. The following analysis table is then compiled. 

Network for Jobbing Production 


Start Ftmsh Float 


Activity 

Duration 

Ear'test 

^‘Latest" 

"Earliest" 

‘Latest' 

Total 

(I) 

(2) 

(3) 

(4) 

(5) 

(6) 

(7) 

1-2 

15 

0 

0 

15 

15 

0 

1-3 

15 

0 

3 

15 

18 

3 

2-3 

3 

15 

15 

18 

18 

0 

2-5 

5 

15 

32 

20 

37 

17 

3-4 

8 

18 

18 

26 

26 

0 

3-6 

12 

18 

28 

30 

40 

10 

4-5 

1 

26 

36 

27 

37 

10 

4-6 

14 

26 

26 

40 

40 

0 

5-6 

3 

27 

37 

30 

40 

10 

6-7 

14 

40 

40 

54 

54 

0 


Explanation of the table : Under col. 3 are noted the E’s for the tail events. 
The following two columns are left blank for the time being. Under col. 6 are noted 
the L’s of the head events. 

col (4)=col (6)— col (2) col (7)=col (6)— col (5) 

col (5)=col (4)-fcoI (2) col (7j=col (4)— col (3) 

Ensnplo : Consider activity 1—2. Its tail event has £=0. 

Put 0 against this activity under column 3. Likewise, its head event has 
L= IS. Put IS against it under col. 6 Under col. 4 note the value in col. 6 minus 
the activity duration. Under col. S note the value in column 3+activity duration. 
Compute total float by subtracting col. 5 from col. 6. Float is the duration by 
which an activity can delayed without delaying the project. Critical path is to 
be sought against the activities with 0 float and it is 123467. It is shown by bold 
arrows. 


Note the above analysis is valid if resources are liberally available. 
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$. Program Evaloatioii Review Technique 


Hitherto our emphasis has been on CPM which is applicable where activity 
durations can be estimated from experience, past historical records and work study 
techniques fairly precisely. <!;PM is incapable of handling uncertainty in timing 
which 18 a rule rather than an exception with lonvoational projects such as intro- 
ducing a new product or oil exploration project. We have already stated that the f 
Beta distribution is useful here. Those experienced and possessing expertise in the 
various technical aspects of the projects are required to make three time estimates 
from which is computed te, the expected time and S^, the standard deviation of the 
activity duration The expected time may then be used as the activity duration and 
the critical path may be found by the analytical method explained earlier. But to 
what use is S( put 7 Well this provides quite a useful information fat the expense of 
a bit of computational effort. We can find the probability of completing a project 
by a given date. Here is the procedure. 


Compute variance, Vt (=S’r) of all the activity durations of the critical 
path. Sum these up and take the square root. This yields the S.D. of the total 
duration. Let the critical path duration be designated by T^p. Assuming normal 
distribution for the total duration, you should be in a position to find th^ confide- 
nce interval for T,,. 3 SD give the limits of the total possible duration with 99% 
confidence, put it in another way. Suppose you wish that the project be comple- 

T— T 

ted within a duration of T. Find •~ gp~ the standard normal variate. Look 

to the standard normal probability distribution tables (Appendix Study II) for 
the probability of completing the project within the given duration of T. 

Example 1. If the critical path of a project is 20 months alongwich a 
standard deviation of 4 months what is the probability that the project will be 
completed within ; 

(fl) 20 months (i) 1 8 months (c) 24 months ? 
on —in 

Solution : (a) Probability ^ 0.50 

(b) 2* ^0.50 ; ProbabUity = 0.31 

(c) : ProbabUity = 0.84 



ar(ma tue noa^. 




21 


Example 2. PERT calculations yield a project length of 60 weeks with 
variance of 9. Within how many weeks would you expect the project to be com- 
pleted with probability of 0.99 ? (That is the project length that you would expect 
to be exceeded only by 1% of the time if the project were repeated many times in an 
identical manner). 

Solution : T,p = 60 ^ -S D. = y/9 = 3. 

60+3x3 = 69 weeks, (Answer) 

Example 3. A small project is composed of 7 activities whose time esti- 
mates are listed in the table below. Activities are identified by their beginning (/) 
and ending ( ; ) node numbers. 

(a) Draw the project network and identify all the paths through it. 

(b) Find the expected duration and variance for each activity. 

What IS the expected project length ? 

(c) Calculate the variance and standard deviation of project length. What 
is the probability that the project will be completed ; 

(1) at least 3 weeks earlier than expected ? 

(ti) no more than 3 weeks later than expected ? 

(d) If the project due date is 18 weeks, what is probability of not meetmg 
the due date ? 


(e) What due date has about 90% chancp of being met ? 


Activity 

Estimated Duration in Weeks 



Optimistic 

Most Likely 

Pessimistic 

1—2 

1 

1 

7 

1—3 

1 

4 

7 

1-4 , 

2 

2 

8 

2—5 

1 

1 

1 

3—5 

2 

5 

14 

4—6 

2 

5 

8 

5-6 

3 

6 

15 


Solvtioa t— (a) The network is drawn in Fig. 26C The various paths are 
as follows { 
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j -2-5-6, I-3-5-6. 1-4-6. 



Fig. 26C 

(b) Expected duration and variances for various activities are computed 

below : 



te 

Vt 


1-2; 

1 + 1X4+7 

r7-i 

I- 

0 

L 6 . 

1-3; 

1 + 16 + 7 , 

r?-!- 

]■- 

6 

L <> . 

1-4; 

2+8 + 8 ,, 

r 8-2 ■ 

J- 

0. ’ 

L 6 , 

2-5; 

1+4+1 _ 

ri-i 

J=o 

6 ’ 

L e> 

3-5; 

2+20+14 , 

6 

rv 

J- 

4-6; 

2+20+8 

1 

00 

I- 

6 

L 6 . 

5-6; 

3+24+15 

6 

ri5-3' 

L 6 , 

I- 


(See p. 4 for formulas of 
t„ and Vt (=S»*) 


(c) Expected project Length =» 17 weeks (Anawer) 

Variance of the aitical path l— 3-5-6= l+4-J-4=9 (Answer.) 
Standard Deviation b= V 9 w 3 (APWf'ret) 
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(i) Z = — 3/3=’ — 1 ; Probability = 0 159 (ALUswer) 

(;/) Z=*3/3 == 1 ; Probability = 0.841 (4a8Mer) 

07) T„ = 17; T = 18, Z = 0.333 

Therefore, probability of meeting the due date = 0.63 
And probability of not meeting the date = 0.37 ( = 1—0.63) 

Example 4. Find the event variances in the network of Example 3. 
Solution : Event variances for both the Te and Tl. of each event are derived 
below. The computational procedure should be self evident. We shall put to 


use the variances 
example 3 above. 

of the various activities derived m part (b) of solution to 

Earliest Time, Te (D= Duration) 

Event 

Longest path leading to it 

* Variance 

1 

Nil (D=0) 

0 

2 

1—2 (D=2) 

1 

3 

1-3 (D=4) 

1 

4 

1—4 (D-=3) 

1 

5 

1—2, 3-5(0=4 + 6 = 10) 

1+4=5 

6 

1-3,3-5,5-6(0 = 17) 

l+4+4=9 

Suppose we wish to find the probability of reaching event 5 
can be computed as below. 

z _ ’’-iO 1 = f - 0.4*72 

V5 V5 i 5 

in 9 days. This 

Probability (from Appendix Study II). 0 5— .1723 =‘3 275 
determine probabilities of reaching other events) 

LATEST TIME, Tl 

Likewise we can 

Event 

Longest path from it to Last event 6 

* Variance 

1 

1—3, 3-5, 5-6 

9 

2 

2-5, 5-6 

4 

3 

3-5, 5-6 

8 

4 

4-6 

1 

5 

5-6 

4 

6 

Nil 

0 

Example 5. 

times : 

Shown below is a PERT network and a related set of activity 

i-j A 

B C D E F G H I 

J K L 

t, 10 

12 8 4 0 12 6 9 4 

0 5 9 

t„ 13 

15 11 70 18 12 12 6 

0 8 12 

t„ 22 

18 20 16 0 36 18 27 8 

0 11 33 


*(N.B. If there are two equal longest paths higher of the two variances 
would be picked up). 


I 
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Required 

(a) Determine the expected completion time of each activity. 

(b) Determine the earliest expected completion time, the latest expec 
completion time and float of each activity. 

(c) What IS the total project completion time, and what are activities 
the critical path ? 

(d) Determine S.D. of expected completion time for only those activi 
on the critical path. 

(e) Determine the probabUitv that the project will be completed within 
weeks, 

Solution ; 



^4 'w» 


Finish 


Start 


i-j 

to 

4t« 



E 

L 

E 

L 

float 

V, 

S.D, 

1-2 

10 

52 

22 

14 

0 

17 

14 

31 

17 



1-3 

8 

44 

20 

12 

0 

.0 

12 

12 

0 

4 

2 

1-4 

12 

60 

18 

15 

0 

10 

15 

25 

10 



2-6 

8 

28 

16 

8 

14 

31 

22 

39 

17 



3-4 

0 

0 

0 

0 

12 

25 

12 

25 

13 



3-5 

12 

72 

36 

20 

12 

12 

32 

32 

0 

16 

4 

3-7 

6 

48 

18 

12 

12 

20 

24 

32 

8 



4-6 

9 

48 

27 

14 

15 

25 

29 

39 

10 



5-6 

4 

24 

8 

6 

32 

33 

38 

39 

1 



5-7 

0 

0 

0 

0 

32 

32 

32 

32 

0 

0 

0 

6-8 

5 

32 

1 1 

8 

38 

39 

46 

47 

1 



7-8 

9 

48 

33 

15 

32 

32 

47 

47 

0 

16 

4 


V,=36 


Hence S.D. of the critical path= v 36=6. 
Probability of completing critical path is 41 weeks : 


A probability = 0.159 (Answer). 

Exercise : 1 The following table lists the jobs of a network alongwith 
their time estimates. 


i-J 

Optimistic Duration 

Most Likely Duration 

Pessimistic 

Duration 

1-2 

3 

6 

15 

1-6 

2 

5 

14 

2-3 

6 

12 

30 

2-4 

2 

5 

8 

3—5 

5 

11 

17 

4—5 

3 

6 

IS 

5-8 

1 

4 

7 

6-7 

3 

9 

26 

7-8 

4 

19 

28 


(a) Draw the project network. 

(b) Calculate the length and variance of critical path. 

(e) What is the appronmate probability that jobs on the critical path will 
be completed by the doe date of 41 days ? 
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id) What IS the approximate probabihty that jobs on the next most critical 
path will be completed by the due date 

Answer • {b) Length — 36 days , Variance 25(c) 0 84 (rf) 0 84 

Exercise 2. Below are given the three time estimates of each activity of a 
project network. Construct the network Find the variance of each activity and 
variances of Tt; and Tl of each event 



t-J 

t. 

An«?wer 

1-2 1-3 

7 16 

10 18 

12 20 

1—4 2-5 

7 9 

8 12 

9 17 

3-5 

20 

24 

26 

4-6 

14 

18 

20 

5-6 

2 

3 

7. 



1 


Tl 



l-J 

1 aricince 

' h'o 

yariar.ee 

Event No 

Variance 

1-2 

(t 69 

1 ! 

0 

I 


2.14 

1-3 

0 45 

2 

0 69 

2 


2 46 

1-4 

0 11 

1 3 

0 45 

3 


1 69 

2-5 

1 77 


Oil 

4 


1.00 

3-5 

1 00 

! 5 

1 45 

5 


0 69 

4— 6 

5- 6 

1 00 

0 69 

6 

2 14 

6 


0 


6 A few comments on assumptions of PERT & CPM 

I Beta distribution may not always be applicable 

2. The formulae for the expected duration and S D are simplifications. 
Maccrinnon and Ryavec reached the conclusion that in certain cases 
the errors, because of these assumptions, may even be to the tune of 
33%. 

3. The errors owing to the aforesaid simplification and assumption may 
be compounded or may cancel each other to an extent. 

4. In computing the S D of the critical path independence of activities 
IS implied Limitations of resources may invalidate the independence 
which exists by the very definition of an activity. 

5. It may not always be possible to sort out completely identifiable activi- 
ties and to state where they begin and where they end. 

6. In projects fraught with uncertainty, it is natural that there exist 
alternatives with differing outcomes. For example, if a particular hard- 
ness is not obtained in a metal, an alloy might have to be used 
that IS more expensive and also inferior on certain technical consi- 
derations. There have been theoretical developments in this regard. 
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and it may be worthwhile to incorporate the concept of decision tree 
analysis depending upon the situation. 

7. Time estimates have an clement of subjectiveness and, to that extent, 
the techniques could be weak. The contractors react to this weakness 
shrewdly whilst bidding. If these arc cost plus contracts they would 
deliberately ‘‘Under estimate” the times for chances of being awarded 
with the contract. Incentive type contracts might lead to an opposite 
bias. 

8. Cost-time tradeoffs, for deriving the cost curve slopes, to be discussed 
soon, are subjective again and call for a great deal of expertise of the 
technology as well as genuine effort to estimate. Often the engineers 
tend to be lax here , occasionally with honest deliberation even, the 
guesses may be wide off the mark 

7. Free and Independent Floats 

Free Float ' It is computed by subtracting the head event slack from the 
total float. The head event slack is its (L— E) Free float is that portion of the 
total float within which an activity can be manipulated without affecting the float of 
subsequent activities. 

Independent Float : It is computed by subtracting the tail event slack from 
the free float. If the obtains in—ve it is to be taken as zero. It is that portion of the 



total float within which an activity can be delayed for start without affecting floats 
of the preceding activities. 

The following ex|mple is intended to explain the computational aspect of 
the three floats. Please refer to Fig. 27. 
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Network Analysis Table 


Activity Duration Start Finish Float 




E 

L 

E 

L 

T 

F 

I 

1—2 

3 

0 

0 

3 

3 

0 

0 

0 

1-3 

3 

0 

9 

4 

13 

9 

9 

9 

1-4 

14 

0 

3 

14 

17 

3 

3 

0 

2-3 

10 

3 

3 

13 

13 

0 

0 

0 

2-6 

5 

3 

14 

8 

19 

11 

11 

11 

3-5 

4 

13 

14 

17 

18 

1 

1 

0 

3-6 

6 

13 

13 

19 

19 

0 

0 

0 

4-5 

1 

14 

17 

15 

18 

3 

3 

0 

5-6 

1 

17 

18 

18 

19 

1 

1 

0 


; Activities must always be arranged in the i—J sequence) 

Explanation : Consider activity 1~3. The slack of bead event 3 is 13—13 
■^O. Therefore, free float=9— 0=9. Likewise slack of tail event I is 0—0=0. 
Therefore independent float =9, 

Example : Analyse the network below for the critical path and the three 
floats for each activity. 

Solution 1 
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Network Amalyeie Table 


i-J 

D 

Start 

1 

Finish 

1 

Floats 

1 

E 

1 

L 

' 

E 

I 

T 

F 

I 

1-2 

4 


0 

4 

4 

1 

0 

0 

0 

1-4 

36 


5 

36 

41 

5 

0 

0 

2-3 

2 

4 

4 

6 

6 

0 

0 

0 

3-5 

15 

6 

6 

21 

21 

0 

0 

0 

3-8 

10 

6 

33 

16 

43 

27 

27 

27 

1 

00 

2 

36 

41 

38 

43 

S 

5 

5 

5-6 

4 

21 

21 

25 

25 

0 

0 

0 

5—8 

9 

21 

34 

30 

43 ' 

13 

13 

13 

6-7 

9 

25 

25 

34 

34 

0 

0 

0 

7-8^ 

9 

34 

34 

43 

43 

0 

0 

0 

7—9 

8 

34 

55 

42 

63 ' 

21 

21 

21 

00 

1 

20 

43 

43 

63 

63 

0 

0 

0 

9-10 

20 

63 

63 

83 

83 

0 

1 

0 

0 


Critical Path ! BCFHIJKM— 83 weeks. 

8. The Project Plan 

In the discussion on PERT, we saw bow the probability of completion of a 
project can be computed for a specified duration. There are usually compelling 
reasons to complete the project earlier than would be the case with the duration 
of the critical path computed on the basis of normal activity times by employing 
extra resources. An exai^ple would be introduction of a new product The motive 
in hastening the project might be to ensure that the competitors do not steal a 
march. It is necessary to introduce the concept of activity cost slope at this stage. 
* are in order. Please refer to Ffg. 28. 









?0 



Fig. 28 

Definitions 

Activity Cost is the cost of performing (completing) a particular activity or 
task As IS to be seen in figure 28 both shortening and protracting the activity 
duration is more expensive than would be the case with normal time. 

Crash Cost Cc ' This is the direct cost that is anticipated in completing 
an activity within the crash time 

Crash time, Tc ; This is the minimum time required to complete an 

activity. 

Normal Cost, Cn : This is the lowest possible direct cost required to 
complete an activity. 

Nnrmal Time, Tn : This is the minimum time required to complete an 
activity at normal cost. 

Activity Cost Slope : The cost slope indicates the additional cost incurred 
per unit of time saved in reducing the duration of an activity 

It can be seen from the figure that by a straight line as an approximation to 
the cost curve the activity cost slope may be expressed as : 

C -~C 

Activity Cost Slope =» 

.-w>^ " 



UURATION= 12 
REVUCE 2-’5B 'iim^ 

(MaD 



REdUCE 2-L,&'5-L,By 
IDAV EACH 


M 


^ L=f 

VURATION^II- 
REDUCE 2-H,h3&2~3 



DURATION'S- 

REDUCE 1-2 & 1-3 By I DAT 

EACH- 
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The approximation by the straight line is fairly reasonable The estimate 
of times and costs would be made by those who possess expertise in the field for 
which these are required. 

The example^ below which the student should go through carefully is inten- 
ded to explain cost implications of hastening a project 

Example ; The foliow'ing data pertains to the network drawn m figure A 
ofp. 31. It IS desired to compress the project to the least possible duration day , 
by day and estimate the extra cost. 

1— j T, T, Cost slope 

1—2 3 2 700 

1— 3 7 4 200 

2— 3 5 3 100 

2- 4 8 6 200 

3— 4 4 2 400 

Solation ; The critical path is 1 — 2 — 3 — 4 in figure A. It is to be seen that 
the critical path, 1—2— 3— 4 is longer than cither of the paths ; 1 — 3—4 and 
1—2—4 by one day. Therefore, the project can be compressed by one day along 
the critical path, 2— 3 having the least cost slope is therefore crashed by a day. 

Extra Cost « Rs. 100 

The revised network is depicted in figure B where all activities have become 
critical. The following choices of compression exist now. Each set of activities is 
so chosen that it reduces all the paths by a day. 

Crash each activity in one of the following sets by a day. 

1—2 1—2 2—4 1—3 

1-3 3—4 3-4 2-3 

2-4 

Cost=900 Cost==1100 Cost=600 Cost>=S00 

The last set of crashing 1—3, 2 — 3 and 2—4 is the least expensive and these 
activities are crashed accordingly. 

Extra cost =200 
100 
200 

Rs. 500 

This is shown in figure C. 2 —3 having been 
out from farther consideration. In C the following 
by a day exist : 

1—2 1—3 

3-4 1—2 

The last is selected 


crashed to the limit is dropped 
choices of crashing each activity 


2— 4 

3— 4 
-600 





The revised network is shown in figure D where 2— A joins 2-3 in that it 
IS also crashed to limit. The only possibility of compressing the network in figure 
D IS to crash 1—2 and 1—3 by a day each This is done and the final network is 
shown in figure E. 

Extra Cost =900 

Although 1—3 and 3— 4 have not reached their crashing limits in figure E 
there is no use also to crash these since this would not compress the project which 
can be compressed to 8 days only. 

Total extra cost = 100+ 500+600-! 900 = Rs 2,100. 

(If, however, just the least duration plan was required one could go about 
the problem in a much simpler way as follows Draw the network with T/s. This 
is done in the figure below The network is analysed with 1 —2— 4 as the critical 
path of 8 days’ duration. The other paths have to be protracted to 8 days’ duration 
This can be done in one of the following ways ; 

(i) Increase 1—3 and 3—4 by a day each with cost reduction of Rs. 200+ 
400 = 600. 

(ii) Increase 2—3 and 1—3 by a day and 2 days respectively with cost 
reduction of Rs. 100+ 400 = 500 

Obviously the 1st course is to be preferred and the network, if now revised, 
would be identical with the one of figure E]. 



Often, however, ^management would be interested in the lea.st total cost 
duration rather than the least possible duration. The components of the total cost 
are depicted below : 



M 


Tot.nl Cost 


Direct Cost 


Imlircct Cost 


Opportunity loss Overheads 

(i.e loss of prohts owing to 
delay in the project) 

Fig. 29 depicts these costs with respect to the duration As the duration 
decreases both the components of the indirect cost fall But the direct costs, as 
brought out in the above example, rise with compression or crashing of the dura- 
tion. 


c? 

a 



TnuLTuniftecrCast 


T Q $ 10 « tZ 
Pu/tATiOM In Mokth^ 

Fig. 29 

The topmost curve for the total project cost has a minima that the management 
should really opt for. The corresponding network is the project plan. 


Now, suppose there is an indirect cost of Rs. 800 per day. What would then 
be the least cost project duration for the example on hand ? The various cost data 
are tabulated below : 


Duration 

Direct (crashing) cost 

Indirect cost 

Total cost 


Rs. 

Rs. 

Rs. 

12 

0 

9600 

9600 

11 

100 

8800 

8900 

10 

600 

8000 

8600 

9 

1200 

7200 

8400 

8 

2100 

6400 

8500 


Thus 9 days is the least total cost duration and rationally the management 
should go in for this unless high opportunity losses compel them to select a lower 
duration project plan. 
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tf the management were merely interested m compressing the project to the 
east possible duration or least total cost solution the problem is solved in the 
nanner of the above example. The practical problems are, however, much more 
omplex and entail scores if not, hundreds of activities. The above hit and trial 
nethod w'ould be cumbersome to perform manually and even on the computer. 
There exist several mathematical alogarithms which require far less calculations 
hough the solution they yield is usually near optimal and not exactly optimal 

Exercise. A small maintenance project consists of jobs in the table below. 
Vith each job is listed its normal time and a minimum, or crash time, in days. The 
ost (in Rs per day) of each job is also given. 


Job 

Normal 

Minimum (crash) 

Cost/day 

i-J 

1—2 

days duration 

9 

days duration 

6 

20 

1—3 

8 

5 

25 

1—4 

15 

10 

30 

2—4 

5 

3 

10 

3—4 

10 

6 

15 

4-5 

2 

1 

40 


(a) What is the normal project length and the minimum project length 

(b) Determine the minimum crashing cost of schedules ranging from nor- 
nal length down to, and including, the minimum length schedule That is, if L— 
;ngth of the schedule, find the costs of schedules which are L, L— I, L— 2 and so 
m days long. 

(c) Overhead costs total Rs. 60 per day What is the optimum length schc- 
lule ip terms of both crashing and overhead cost ? List the scheduled duration of 
ach job for your solution : 


Answer : (a) 20 days ; 12 days 
(b) Length (days) 

20 

19 

18 

17 

16 

15 

14 

13 

12 


Crashing Cost 

Total ( 

Rs. 

Rs. 

0 

1200 

15 

1155 

30 

1110 

45 

1065 

85 

1045 

130 

1030 

195 

1035 

260 

1041 

335 

1055 
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(c) optimum length = 15 days. 

9. RcM>urccs Allocation 

Before we take up tins topic in a formal manner we shall give below a 
couple of numerical examples that can be handled merely by commonsense. 

Example. 

A project schedule has the following characteristics — 


Activity 

Time 

Ac tivity 

Tunc 

1—2 

2 

4—5 

5 

1—4 

2 

4—8 

8 

1—7 

1 

5—6 

4 

2—3 

4 

6—9 

3 

3—6 

1 

7—8 

3 



8—9 

5 


(a) Construct PERT network and find critical path and time duration of the 

project 

(h) Activities 2 — J, 4 — 5, 6 — 9 each requires one unit of the same key equip- 
ment to complete it Do you think availability of one unit of the equipment in the 
organisation is sufficient for completing the project without delaying it, if so, what is the 
schedule of these ac tivities ? 

Answer : The network is drawn behw. Also derived are E’* and L’*. 



£vfhrr Na 


— ^fniTinn 


LAHSiT.Iitnttt 


f 


a 


37 

Network Amlysb Table 


i-J 

D 


Start 


Finish 

Total float 



E 

L 

E 

L 


1-2 

2 

0 

5 

2 

7 

5 

1—4 

2 

0 

0 

2 

2 

0 

1—7 

1 

0 

6 

1 

7 

6 

2—3 

4 

2 

7 

6 

11 

5 

3—6 

1 

6 

11 

7 

12 

5 

4—5 

5 

2 

3 

7 

8 

1 

4—8 

8 

2 

2 

10 

-10^ 

0 

5—6 

4 

7 

8 

11 

“ 12 

1 

6-9 

3 

11 

12 

14- 

15 

1 

7—8 

3 

1 

7 

4 

10 

6 

8-9 

5 

10 

10 

* 15 

15 

0 


Hence critical path (along 0 floats) is 1 — 2 — 8 — 9 with duration of 15. 

(b) Activity 6 — 9 can only be undertaken when both 2 — 3 and 4 — 5 and 
their following activities are over. Thus 2 — 3 and 4 — 5 contend for the equipment. 
The two alternative schedules for these are : 


Start 


Start 


2—3 2 

4—5 6 


4—5 2 

2—3 7 


6—9 15 


6—9 12 


The 2nd alternative does not delay the project and is, therefore, recommended. 

Example. Electronics Production Company is nearly through with a project to pro- 
duce a small warning signal generator. Owing to a reduction in required performance 
characteristics, the remainder of the work is simpler to do than was originally 
planned. A new estimate of time to completion must be made. The following is 
known ; 


Activity 

Time 

(days) 

Immediate 

predecessors 

Description 

A 

1 

_ 

Check total weight and approve 

B 

2 

— 

Check power, consumption 

C 

2 

— 

1 Check temperature requirements 

D 

2 

A,B 

Choose connecting plug 

E 

4 

B,C 

Fix resistor final values 

F 

1 

C 

Choose encapsulating foam 

G 

4 . 

D 

Ensure hermetic seal 

H 

8 

G,E,F 

Perform final test 
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(a) Draw a critical path network, and indicate the critical path. 

(b) What is the minimum time to completion. 

(c) During the second day of work [day 1,0 being the start day], it is 
discovered that activity F (choose encapsulating foam) will take 4 days instead of 
1 Will this delay the project ? If the activity takes 6 days, will the project be 
delayed 

(d) The company has limited number of men available to work on the pro- 
ject. Only two activities can be under way at the same time. Will this delay the 
project over what the time would have been with unlimited resources ? (Activity F ( / 
takes SIX days to complete) 

Solution (fl) The network is constructed below with the critical path (1 — 2 — 4 — 6 
7 — 8 or BDGH) shown in bold lines. 

(b) The minimum time to completion is 2-f 24 4-i-8=I6. 

(c) Whether F takes 4 days or 6 days it would not delay the project activity 
provided C was undertaken on the first (i e., 0-th) day If, however, C, in view of 
plenty of float available with path CFH, was not worked in the 0-th day F would 
delay the project if F takes now 6 days. 

(d) Since the critical path takes 16 days it can be assigned to one resource. 
The other resource would have to do the following non-critical activities : — 

Duration 

A 1 Total time= 13 days. 

C 2 

E 4 

F 6 

But the 2nd resource would have to do all these activities by time 8 which 
is the latest start of event 7, shown by the crooked arrow in the network. Obviously 
the 2nd resource cannot do 13 days work in 8 days , therefore, the project is bound 
to be delayed. 



A resource may be defined as a variable quantity of men, materials, 
machines or space, i.e., money that is required to carry out a project. The critical 
path is valid insofar the availability of resource; is i>9>f activities need not 
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be delayed beyond their estimated duration for reasons of resource limitations. But 
this IS seldom so in practice Resources arc often sorely resticted. 

Earlier, we discussed the planning aspects of the project. In case of projects 
with uncertain di'iations the PERT model is capable of providing estimates of proba- 
bility for the desired completion date. We saw how the project could be compressed 
m less duration if there are compelling reasons to do so. The management can be 
provided with a table offering trade-offs between total duration times and costs. 
Now except for the critical path there is some leeway with all the non-critical 
^ activities Their earliest start dates can be delayed within allowable float so that 
the resources are diverted to more urgent jobs. The fixing of the actual start dates 
for the various activities is a scheduling problem to be solved by resource 
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a\U)c§iinn and it is an extremely complex one at that on mathematical grounds. 
Considering myriads of activities and dozens of resources the problem 
IS too complex to be pursued for an optimal solution. A near-optima! solu- 
tion is therefore welcome. The complexity is overmuch for the computer 
too Several heuristic programs (i.e., those based on rules of thumb) have been 
wntten and successfully executed In this section, our endeavour is to explain 
concepts of the resource allocation pioblem Several program packages are 
offered for resource allocation It is futile to explain all these in toto. The student, 
after having got the essence, should be in a position to make out the salient 
Icniurcs of these packages and choose the one appropriately for the given situation. 

Let U-, consider the resource of man-power Throughout the discussion we 
shull use tr.'s resource for illustration Other resources may be treated exactly in 
the sani . manucr Some of the manpower e g, welders, brick-layers, pipe-fitters, 
etc may be computed fairly accurately for a particular situation. This is because 
standard times can be derived by time and motion study In the case of such man- 
power as engineers, lawyers, architects etc , it would be hard to make time esti- 
mates and compute exact requirements Some of them may look very busy, but 
may be performing less work than those who know better how to get work done 
from others For such professionals, therefore, the following analytical techniques 
which incidentallv are amenable to soluation with a computer may not be strictly 
applicable. Ours, as noted above, is a limited purpose to provide an insight into 
the techniques 

9 1 Variables Resource Levelling Management just cannot hire and 
fire Its personnel as and when desired The management is restrained by considera- 
tions of morale and security of the personnel as well as supply and demand posit- 
ion of the labour. Build-up of labour and termination of their services has, there- 
fore, to be gradual. Amidst fluctuating requirements (Fig. 30) a more uniform 
manpower utilisation pattern may be desired Under such circumstances, the 
objective would be to establish a gradual build up in personnel, preferably 
reaching a peak near the end of the project One of the resource allocation proce- 
dure discussed below is based on the practice to increase the labour force, say 
pipefitters, only when additional manpower is needed. Having employed such 
labour force they are not to be transferred to another project until their services 
arc no longer needed on the current one. This is to be seen in Fig 31. Once the 
maximum is reached there is a gradual reduction of the work-force. This is the 
reason for calling it variable resource levelling. 

9.2 Fixed levelling Consider diagram 32A & B of welders for a project. 
Here, fixed number of welders is supposed to be at our disposal. As is quite con- 
spicuous from the diagram this results both in excessive overtime as well as idle or 
standby labour force. The aim would be to select the optimum number of welders 
to minimise the consequences of both overtime and unproductive standby welders 
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as shown in Fig. 32B. It can be noticed that tli<. ..'cl j t ehimnated altogether. 
This can apply to all trades of workers, cqujpmcnt and facilities If, for example, 



Fig. 32A Fig. 32B Fig 32C,D 


an organisation is handling several projects simultaneously and its design depart- 
ment has engineers of different specialisations under fixed levelling, the problem 
would be to find the best limit of engineers of each specialisation and assign the 
projects appropriately. 

9.3. Combined Levelling. The third and the final possibility is the combin- 
ation of fixed and variable levelling Here a fixed complement of a talent is assig- 
ned to each project In order to satisfy its increasing needs a variable component 
is also assigned. This is shown m Fig 32 C & D 

9.4. Queuing Interpretation of the Resource Allocation Problem. The 
resource allocation problem may be likened to a queuing problem for exposition. 
The resource e g., men, machines etc , constitute what is service station in the 
queuing theory terminology. Activities “arrive” in queues with certain discipline 
The discipline is determined by the logical activity-dependency relationship upon 
the basis of which the network is constructed The float provides the play on the 
basis of which priorities arc assigned for serving the activities. There may be time 
when the service stations, i.e , resources are idle and there is no activity in the 
queue. At other times there may be too many activities m the queue to be serviced 
simultaneously. As a consequence some of activities might have to be delayed. If 
the delay is within the free float this would not affect the following activities. If, 
however, free float is exceeded it would cause repercussions on the following 
activities. 

At each time period, therefore, it is to be ascertained if there are activities 
in the queue and resources idle to service these. If so, a particular service 

I 
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station can be booked for the duration of the activity. If either no activity Is 
queuing or atl the stations are booked already we can simply skip to the next 
time period. We shall develop a mechanical alogarithm on the basis of this 
discussion. 

Consider the network shown jn Fig. 33 on p 45, Each activity requires 1 
man, say, a welder. This is noted under the M column of table below. Man-days 
for the activity are noted under tne M — D column. The usual network analysis 
table follows The total man-days requirements are 30 whereas project dura- 
lion IS 15. Therefore, roughly 30/15=^2 men would be needed to complete the 
project in time in approximately 15 days. At time 0, the queue of activities and the 
available men are listed below : 

1-2 Rl 

1—3 R2 

1 -3 


. 1— J 

D 

M 

Network Analysis Table 

Start Finish 

M— D b L E L 

Total 

Float 

1-2 

5 

1 

5 

0 

0 

5 

5 

0 

1— 

3 

1 

3 

0 

2 

3 

5 

2 

1—5 

2 

1 

2 

0 

7 

2 

9 

7 

2—3 

0 

0 

0 

5 

5 

5 

5 

0 

2-6 

4 

1 

4 

5 

X 

9 

12 

3 

3-4 

5 

1 

5 

5 

5 

10 

10 

0 

4-7 

5 

1 

5 

10 

10 

15 

15 

0 

5-6 

3 

1 

3 

2 

9 

5 

12 

7 

6-7 

3 

1 

3 

9 

12 

12 

15 

3 


Obviously, two activities 

can be token 

up at 

0 time. 

The 3rd one would 

have 

to deferred 

until there arc 

resources 

available again. 

Activity floats arc as 


below : 

1—2 0 

1-3 2 

1-5 7 

The priorities are assigned on the basis of the float so that 1 — 2 and 1 — 3 
with first and second priority are loaded on Rl and R2. It is presumed all men 
are equally and sufficient versatile to undertake any activity. 

Activity 1 — 5 is delayed because there is no more man available at zero 
time. We should get R2 free from 1 — 3 at time 3 only. Then only it may be possi- 
ble to take up 1—5. This would call for changing or updating the earliest start 


and finish and float as below : 

Floating out of Activity 1 — 5 

Original 

Updated 

Earliest Start 

0 

3 

Earliest Finish 

2 

5 

Total Float 

7 

4 


Also, earliest start of event 5 is modified from 2 to 5. This may afifect 
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activities emanating from 5 and even the following activities and events. The 
consequences of floating cut 1 — 5 can be inleired from the free float of 1 — 5. 
If It is less than this delay there are bound to be repercussions. If, however, it is 
more than this delay there would be no eire..t on the following paths. 


It will be noted that the consequences of floating out of 1 — 5 eneded at event 
6 because its E is still determined via the path containing activity 2—6. In another 
network, the repercussi jHb r traced down to several following activities and 
exents, even the last event. 

There is neither any more iree resource nor a queuing activity at time 
period 3. Same is the situation at 4. At 5, however, we do have the pending 1 — 5 
and a few other activities as well as free resources, R 1 and R 2. The activities 
alongwith their pertinent data are listed below : 


1 — j D Moat 

2- 3 0 0 

2— 6 4 3 

3— 4 5 0 

5—6 3 4 


Priority 

Top (Dummy) 

2 
1 


Dummy activity is always assigned the top priority or it may even be igno- 
red. 2—6 and 3—4 are loaded on R1 and R2 respectively. 5—6 would have to be 
deferred i e., floated out and would call for updating for the following activities and 
events in the manner described above. 


We can proceed in this manner right up to the end of the network. 

The following points are worth noting for developing algorithmic way of 
resource allocation. 

A. Halt where both activities and resources are available. 

B. Prior to allocation at a halt update the £ S , EF and total float of acti- 
vities affected by the floating out of an earlier activity. 

C. The priorities to activities are assigned on the following basis : 

1. Assign l&t priority to the activity with least float, 2nd to the 
activity with the next higher float, and so on 

2. In case of tie in floats, assign Ist priority to the activity with 
higher M— D. 

3. In case of tie in M— D’s even again 1st priority to the activity with 
higher M. 

4. In case of tie in M’s even assign 1st priority to an activity with 
lower i where i is the tail event number of an activity. 

N.B. : These rules may, however, be overruled in a special case 
noted in p. 49 in bold letters. 

We need the following data for Resource Allocation, Activity List, D’s, 
M’s, M— D’s, earliest start and finish and total float of each activity. 
The output is a schedule which fixes the start day of each activity on 
the manpowerToading chart. This is arranged in 2 tables and a chart 
to scale as below : 
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(A) Activity Table (Activities are listed as m the analysis table earlier) 

Activity Dura- No of Man barliest Start Earliest Finish Total 
1 — j t’on men days float 

D M M-D 

12 1 4 5 6 7 

(B) He'soutce Allot atum TaWe (Specimen). 


Halthing 

Available 

- 

Activities m the queue 

Allocated 

Time 

Resource 

1 

1 

1 

i-J 

! 

i float 

1 

MxD 

Priority 

to Resoure 

1 

i 

1 2 

! ' 

1 

1 ‘ 

{ 

' 5 

1 

1 

6 

7 


1 

R1 

1 - 2 

0 

5 

1 

1 

Rl 


R2 

1 -3 

; 2 

3 

2 

R2 


j 

^ 1-5 

1 

1 

; 7 

1 

2 

3 



A brief description of the Resource Allocation Table is in order. 

Col. 1. Hatling Time. Halt at a time period when there are both available 
resources and queuing activities. At time 0, it goes without saying that 
these two conditions arc met and halting at 0 for allocations is a must. 
When allocations of activities to resources (to be explained shortly) is 
complete advance to further time periods and halt only when both 
resources and queuing activities are there. This is to be ascertained more 
easily and quickly Iroro the Activity Table and the Loading Chart, c g., 
in the Loading t^hart of Fig eg if 1—2, 1 — 3 are the two activities 
alloacted at halt at 0 the next possible halt could be 3. Then, look to 
Activity Table if there are queuing activities at their earliest start— Col. 5 
of this Table. 

Col. 2 Available Resource : At 0 all resource, say men, are available obviously. 

Later, see from the Loading Chart what are the resource available e.g., 
at 3 only R2 is there. Enter these resource under this col. 

Col. 3. i.j. : Activities due to be taken up at halt time are listed from the Acti- 
vity Table. 

Col. 4 5 Enter float and M x D in col. 4 and 5 respectively against each activity. 

Col. 6. Establish and enter priority by the criteria mentioned in p. 43. For 
dummy activities write ‘top’. For others : 1 , the highest, 2 the next, and 
so on. 
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Col, 7. Enter the resources against the activity which is allocated to it. 

Consider network of figure 33 again. Let us do the resource allocations 
for 2(30/15=2) welders. The procedure is given below step-wise : 

(A) Determine the halting time. 

(B) Fill columns 1 to 7 of resource allocation table, by the priority rules. 

(C) Load the activities on the chart 

(D) Tick the loaded activities on the activity table meaning that they are 
not to be considered any more Revise col. 5 to 7 ot Activity Table 
for the delayed activities. Revision is to be carried out by the diffi- 
erence between the next possible halting time and this halting time. 
Revise affected E’‘. 

(E) Repeat D unt 1 the repercussions of the delayed activities have been 
traced’ through to the end of the network 

(F) Repeat steps A to E until complete loading. 



(EES) 
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Let us do resource aliocatioa for the network in Fig 33. Various tables 
shown in p 47. 

Halt at 0 (NB , RAT/I means col 1 of Resource alloc ilion table, etc) 

I nter 0 in RAT/ 1 At 0 both the men R1 and R2 are obviously available. 
Enter R1 and R2 in RAl/2 

For AT ascertain the activities commencing at 0 from AT/5. Eater i.j’s 
of these activities in RAT/3 These activities are 1-2, 1-3 and 1-5. Enter their 
pertinent data in RAT/4 and 5 Establish their priorities In this case there is no 
tie in floats 

We can only take up 1-2 and 1-3 and allocate these on LCI I (Loading 
chart 1). 

No more resource left ■ therefore advance with 1-5 pending still. From LCI, 
R2 IS free at time 3. It is the halting time as there arc both 1-5 and R2. Prior to 
this, however, updating has to be done for floating out of 1-5 This iS done in AT/ 
5 to 7. This does lave repercussions on the following events/activities. Events 
has been revised from 2 to 5. Therefore 5-6 is updated in RAT, At. Event 6 is 
however not affected. Tick AT/1 for activities which have been allocated. 

Halt at 3 Enter 3 in RAT/l and R2 in RAT/2. From AT, 1-5 is the only 
activity. Fill RAT/3 to 6 Priority is undisputably 1 . Allocate it to R2 in RAT/7 
and in the Loading Chart. This is depicted in LC 2. Ntither any activity nor any 
resource is left at 3. We advance — up to 5 from LC 2, having ticked AT/1 for 1-5. 
From AT/5 we find there activities at time 5. 

Halt at 5 : Enter R1 and R2 in RAT/2 as both ar? idle. Also list activities 
and their data in RAT/3 to 6. 2-3 is a dummy and tick it in AT/1. No more con- 

sideration need to be given to it. 2-6 and 3 4 are allocated to R1 and R2 in RAT/ 
7 and is shown in LC3 5-6 is pending for resources and from LC 3 we can halt at 
9, Updating for 5-6 is done in AT /5 to 7 Event 6 is changed from 9 to 12 and 
this calls for updating of 6-7 as well. 

Halt at 9 ; Enter R1 in RAT/2. Enter the only activity 5-6 that can com- 
mence as ascretained from AT/6. It goes to R1 and is shown in RaT/ 7 and CL-3. 
Neither any activity nor any resource is left No updating in view of this. From 
LC-3, 10 is the prospective period for halting. This indeed is so as from AT/5 and 
we see 4-7 is due to commence at 10. 

Halt at 10 : Enter R2 in RAT/2. Fill RATl3 to 7 for 4-7 and R2. Allocate 
4-7 in LC3. No more activity and resource is left From LC 3 we could possibly 
bait at 12. From AT/5 the last activity 6-7 is due to commence at 12 which is, 
therefore, the next halting time. 

Halt at 12. Enter R1 in RAT 2. Fill RAT/3 to 7 for 6-7 and RI. Allocate 
6-7 in LC-3. This completes the resource allocation within the period of 15. 
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Activity Tabic 


i-j 

D 

M 

M-D 

Earliest Start 

Eailiest Finish 

Total Float 

(1) 

(2) 

(.3) 

(4) 

(5) 

(6) 

(7) 

1—2 

5 

1 

5 

0 

5 

0 

1—3 

3 

1 

3 

U 

3 

2 

1—5 

2 

1 

2 

0/3 

2/5 

7/4 

2—3 

0 

0 

0 

5 

5 

3 

2—6 

4 

1 

4 

5 

9 

0 

3—4 

5 

1 

5 

5 

10 

0 

4—7 

5 

1 

5 

10 

15 

0 

5—6 

3 

1 

3 

2/5/9 

5/8/12 

7/4/0 

6—7 

3 

1 ‘ 

3 

9/12 

12/15 

3/0 


N B. : With practice, the student may want to dispense with RAT 
and work only with AT and L.C. 


Resource Allocation Table 


Halt- 

ing 

Time 

Av 

Reso- 

urce 


Activity Queue 


Allocated 
to Resource 

i-J 

Float 

MxD 

Priority 

(1) 

(2) 

(3) 


(5) 

(6) 

(7) 


Rl, R2 

1—2 


1X5 

1 

Rl 



1—3 

2 

1 X3 

2 

R2 



1—5 

7 

1 X2 

3 


3 

R2 

1—5 

4 

1x2 

1 

R2 

5 

Rl 

2—3 



Dummy 



R2 

2—6 

3 

1X4 

2 

Rl 



3—4 

0 

1X5 

1 

R2 



5—6 

4 

1X3 

3 


9 

Rl 

5—6 

0 

1X3 

1 

Rl 

10 

R2 

4—7 

0 

1X5 

1 

R2 

12 

Rl 

6—7 

3 

1x3 

1 

Rl 


Example ; The previous example was quite simple as it was chosen for illus- 
trative purposes only We assumed that each activity required one man only. We 
try the project of fig 35 with the manpower requirement for the various activities 


below : Activity Men required 

]— 2 1 

1-3 2 

1— 5 3 

2— 3 0 

2—6 1 

3— 4 2 

4— 7 3 

5— 6 1 

6— 7 2 


112 

Although the rough requirements arc -3]^. we solve the problem for 4, 3 

and 5 men. Since some activities require 3 men the case of trying the possibility of 
2 men for the entire project^oes not arise. The procedure is much the same as for 
single man for each activity. The student may like to proceed with the resource 
allocation himself and compare the steps and results with that of ours as an exercise. 
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Two things arc to be noted paiticularly here 

(i) During the updating procedure the float of an activity may go negative 
which implies that the project duration is going to be extended beyond the critical 
path. Once a negative float occurs, therefore, the float ciiteria for fixing priorities 
IS invalidated. The priorities should then be fixed on the basis of M D, gang size and 
sequence criteria respecuvely. 


Network Analysis Table (Figure 35 on Page 48) 







Start 

Finish 

• 

Total 

Auivity 

D 

M 

MD 

1 — 

— 

— 

— 

Float 





F 

L 

E 

L 


1-2 - 

10 

1 

!0 

0 

0 

10 

10 

0 

1-3 

6 

2 

12 

0 

4 

6 

10 

4 

1-5 

5 

3 

15 

0 

13 

5 

18 

18 

2-3 

0 

0 

0 

10 

10 

10 

10 

0 

2—6 

8 

1 

8 

10 

17 

18 

25 

7 

3-4 

10 

2 

20 

10 

10 

20 

20 

0 

4-7 

10 

3 

:o 

20 

20 

30 

30 

0 

5-6 

7 

1 

7 

5 

18 

12 

25 

13 

6-7 

5 

2 

10 

18 

25 

23 

30 

7 

(li) 

When more than one man are 

required for an activity it may 

so 

happen 


during allocation that m spue of an activity queuing up and a resource available we 
may have to skip because the resources are not sufTicient e g., 3 men are required 
whereas only 2 are available at a halt. The above procedure is not very sound theore- 
tically for such a situation but, nevertheless, it provides fairly close results to the one 
expected under a more rigorous procedure. 

(iii) The priority rules of p. 43 may be superseded by another 
consideration. 

At each halt, resources are allocated according to priority. If the resources 
available are sufficient for the job priority of J, then that job is scheduled If, resources 
are insujficient, they may be made available to the job with the next priority and so on. 


Activity Table (case 1 No. of men=4) 


Activity 

D 

M-D 

Earliest Start 

Earliest Finish 

Total Float 

1-2 

10 

1X10 

0 

10 

0 

1-3 

6 

2X6 

0 

6 

4 

1—5 

5 

3x5 

016 

5/11 

13/7 

2—3 

0 

0x0 

10 

10 

0 

2-6 

8 

1X8 

10 

18 

7 

3-4 

10 

2X10 

10/11 

20/21 

0/-1 

4-7 

10 

3X10^ 

20/23 

30/33 

0 


7 

1X7 

5/11 ‘ 

12/18 

13/7 

6-7 

S 

2x5 

18 

23 

7 
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Resource Allocation Table 


Halting 

Time 

Av. 

Resources 


Activiiy 

in the queue 


Allocated 
to Resource 

i-j 

float 

M-D 

Priority 

0 

R1 to R4 

1—2 

0 

1 X 10 

1 

Rl 



1-3 

4 

2x6 

2 

R2, R3 



1—5 

13 

3x5 

3 

i 

6 

R2 to R4 

1—5 

7 

3x5 

1 

R2 to R4 

10 

R1 

2—3 

Dummy 

Top 





2-6 

7 

1 x8 

2 Rl (sec rule of p. 51) 



3-4 

0 

2x10 

1 



Nctativc 

Float, no 

longer the 

criteria 



11 

R2 to R4 

3-4 


2x10 

1 

R2, R3 



5-6 


1 x7 

2 

R4 

18 

Rl. R4 

6-7 


2x5 

1 

Rl. R4 

23 

R1 to R4 

4-7 


3x10 

1 

R2 to R4 


Case 2 No. of men 3 & Case 3 No. of men—S 

The student do these bimseir as an exercise and compare bis results with 
the loading chart of Figure 38. 


Discussion of the results ; The project requires at least 3 men if we keep 
the matter simple by not introducing overtime. Let the wage rate be Rs 15/day and 
the indirect cost of Rs. lO/day, The following total costs may be computed : 


Case No 

No of Men 

Completion time 

Direct 

Indirect 

Total 

1 

4 

33 

4X15X33=1980 

33x 10 = 330 

2310 

2 

3 

47 

3x15x47=2115 

47 X 10=470 

2580 

3 

5 

30 

5X 15X30=2250 

30X10=300 

2550 


Obviously employing 4 men on the cost basis alone is the best course of 
action, but if more objectives are introduced, e g , completion time and the associated 
opportunity loss it becomes a problem of weighing the objective the student has had 
in Study Material— 1. Yet another objective may be utilization of welder. The 
idle time can be ascertained from the loading charts and the % utilization may be 
calculated. 

The course of action that provides the best effectiveness upon the 3 objec- 
tives. 

1. total cost, 

2. completion Time (convei:|ed to opportunity lossX 

3. % labour utilisation 
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Exercise. Do resource allocation for the nf'fwork below where each activity 
needs one man. No. of men available==3. 




t 



Answer : 


I CAruNG ch/‘£T 



No. of men=s33/l28»3 

Self-Examination Questions 

1. Below we give a'pERT network with the related time data. You are 
required to find the probability of completing the (tfoject in 27 days. 
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2. The followinii; table gives the activifcs in a construction project and other 
relevant information : 




1 


Total 

Activitv 

Normal lime 

Crash time 

Norr>ml cost 

Crash cost 


days 

days 

Rs. 

Rs. 

1-2 

20 

M 

600 

120 

1—3 

25 

25 

200 

200 

2—3 

10 

8 

300 

440 

2-4 

12 

6 

400 

700 

3—4 

5 

2 

300 

420 

4-5 

10 

5 

300 

600 


(a) Draw the network for the project. 

(b) Find the total, free and independent floats for each activity. 

(c) Using all information "crash” or "shorten” the project step by step until 
the shortest duration is reached. 

3. Projects India Limited undertakes special contracts. The following table 
gives estimates of time and cost for activities involved lo completing one contract 
which has been just offered to them : 
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Actlilty 

Previous 

Normal 

Normal 

Minimum 

Cost of minimum 


Activities 

time 

Cost 

time 

time 



days 

Rs. 



A 

— 

12 

10,000 

8 

14,000 

B 

— 

10 

5,000 

10 

5,000 

C 

A 

0 

0 

0 

0 

D 

A 

6 

4,000 

4 

5,000 

E 

B,C 

16 

9,000 

14 

12,000 

F 

D 

16 

3,200 

8 

8,000 



60 

31,200 

44 

44,000 


“Previous activities” must be completed before the activity in question can 
be started The minimum time represents the shortest time in which the .u tn ity 
can be completed given the use of esp cia cosily method-; of operation Assumic 
that It IS possible to reduce the normal time to the minimum time in small steps 
and the extra co>t Incurred will be proportional to the time saved. 

(a) draw a network diagram and identify the critical path for normal pro- 
cedures 

(b) Recommend what programme be followed if the job must be completed 
in 30 days and calculate the total cost for the programme 

(c) Explain hoiv would you modify your analysis if the estimates were sub- 
ject to uncertainty. Illustrate your answer by assuming that estimates of the time 
required for E are uncertain Normal time is expected to be m the range of 12 days 
to 20 days, but 2 days could still be saved by spending an extra Rs .3,000 \ou re- 
main confident about estimates for other activities Target time for the contract is 
30 days and there would be a penalty of Rs 5,000 for late completion 

4. Alpha construction company has an opportunity to submit a bid for 
the construction of a new apartment building From specifications provided hv 
the developer, a PERT network for the project has been developed, and is shown 
below. Also shown for each activity arc estimates of most optimistic, most likely, 
and most pessimistic completion times in weeks (a, m and b, repectively). 


Activity 

a 

m 

b 

Activity Description 

A 

5 

8 

17 

Excavate basement 

13 

5 

8 

11 

Build concrete elevator tower 

C 

3 

5 

7 

Pour concrete foundation 

D 


0 

0 


E 

6 

9 

18 

Excavate parking ramp area 

F 

5 

8 

17 

Install temporary manual elevator 

G 

5 

7 

12 

Erect mam building 

H 

0 

0 

0 


1 

0 

0 

0 


J 

0 

0 

0 


K 

4 

7 

10 

Install automatic elevator 

L 

7 

" 10 

31 

Complete interior work 

M 

4 

6 

11 

Erect parking ramp. 



54 



Required : 


(1) Dtffermi''c the critical path and its S D. 

(2) Alpha’s management policy with respe.t to submitting bids is to bid 
the minimum amount that will pro /ide a 92% probability of at best 
breaking even Materials lor this project will cost Rs. 900,000 and all 
othrr costs will vary at a rate of Rs. 10,000 for every week spent work- 
ing on the project. What amount should be bid under this policy ? 

(3) Assume that Alpha’s bid was accepted and that the project has been in 
progress for 20 weeks. Activities A, B and C have been completed. 
Activities E, F and G are in progress, with the following estimates 
made of time required to complete them : 


Activity 

E 

f' 

G 


a m b 
1 2 3 
3 5 10 
3 6 9 


No change has been made in the time estimates for activites K, L and M. 
Draw a revised PERT network representing the renrainder of the project (exclud- 
ing completed activities). Determine the critical path for the remainder of the 
project and the remaining project complection time. 

5. Table below shows jobs, normal and crash time and cost for a project ; 


Job I Normal - Crash 


i / ] Time Days 

Cost (Rs ) 

Time (Days) 

Cost Rs.) 

1-2 i 6 

1,400 

4 

],90() 

1-3 8 

2,000 

5 

2,800 

2—3 1 4 

1,100 

2 

1,500 

2-4 3 

800 

2 

1,400 

3-4 Dummy 

— 

__ 


2-5 6 

900 

3 

1,600 

4-6 1 10 

2,500 

6 

3,500 

5-6 ' 3 

500 

2 

800 


Indirect cost for the project is Rs. 300 per day. 

(/) Draw the network of the project, 
ill) What is the normal daration and cost of project ? 
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(lit) Find the optimum duration and minimum project cost. 

(if) If all activities are crashed, what will be the project duration and 
corresponding cost ? 

Ans. (li) 20 days. Rs. 15.200 (iv) 12 days. Rs. 13,500 



In the network above are indicated the duration in days, and the number 
of men required for each activity. You are required to find the number of days m 
which the project can be completed with (i) unlimited resources and (ii) with a 
total of only 5 men available. 

(An*, (i) 8 days, (ii)ll days.) 

Q. 7, In the network below, suppose we arc required to emp'oy a special 
piece of equipment on activities 2—7, 4—5, and 8—9, one at a time. Will a affect 
the Project duration 



1 



56 


S A new type of convey', is to be dcsignei The follwin^ list re- 
presents the major activit’cs together with the preedence relationships sorted out 
‘O' \ju 1 lu are KqiMrta to ..onstruet the nct.vork diagram. 


Aet/Ml> No. 
1 

2 

T 

4 

5 

6 


8 

t, 

10 

H 


Act vify IX'Scription 
I’repare drawings 
( arry out cost aiiaKsis 
Carry out economic feasibility 
Mani.facture tools 
I’rcpire Bill of Mafcnals 
Procure raw materials 
Ord^r uub asscnibliLs 
Rtccivc sub assemblies 
Manufacture components 
Final assembly 
Testing and shipment 


Preceding Activity 


1 

1 

3 

2 . 3 
4,5 

5 
7 

6 


9,8 

10 


Answer : 



0 9. Construct PERT network for the following project, and determine 


ath 

Activity 

Time 

Immediate 


Predecessors 

A 

4 

None 

B 

1 

None 

C 

1 

A 

D 

1 

B 

E 

6 

C 

V 

8 

E 

G 

2 

F 

H 

4 

F 

I 

1 

H 

J 

5 

G,I 

K 

5 

D,G 

L 

7 

K. 

10. Assnme 

that you are letting 

— *-1. - ^ 

a contract for widening a street* 
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tions aatil contractor go-abead. Determine the critical path and the shortest time 
to complete the set of tasks : 


Task 

Description Expected time 

Immediate 


{working days) 

Predecessor 

A 

Preparations for job 

5 

— 

B 

Notify property owners 

2 

— 

C 

Select prospective bidders 

4 

— 

D 

Contact prospective bidders 

4 

C 

E 

Send out requests for bids 

3 

A.D 

F 

Hold a bid cc nfereoce 

2 

E 

O 

Secure property owner’s approval 

14 

B 

H 

Wait for bidders to prepere bids 

10 

F 

1 

Receive bids 

2 

H 

J 

Evaluate bids 

5 

I 

K 

Prepare final job schedule 

2 

G,J 

L 

Arrange details wiih water auihorities 

4 

G.J 

M 

Get approval of schedule 

1 

k 

N 

Negotiate and sign contract 

2 

L,M 

Q. 11. 

(a) Construct a PERT Diagram from the follo.vin 

:g information, 

and determine the critical path. 



Activity 

lo tfn tp 

Immediate 



Predecessor 

A 

1 2 4 

— 


B 

2 4 6 

.\ 


C 

2 6 10 

A. 


D 

6 8 10 

B 


E 

4 6 8 

C 


F 

6 10 14 

C 


G 

8 10 12 

E 


H 

12 14 16 

F 


•I 

4 8 12 

G.H 


J 

10 12 16 

G.H 


K 

2 4 6 

I 


L 

6 10 14 

J 


(b) Assuming that the schedule allows 40 days to complete 

the whole pro- 

ject, calculate the piobability of completion by the scheduled date. 



(c) The contractor wants a scheduled completion date that will give him 
98% chance of attaining how many days should be allowed in his schedule ? 


Q. 12. The activities involved in the project of the introduction of a new 
product are listed below. Also indicated against each activity is its predecessor. 
You are required to draw the network diagram making use of dummies where 
needed. 

Deierlptkm Activity Preceded By 

A BerfMli ioltfal foreeniag None 

B dliMictikttllto ptodttot ootd’orms to 
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D Build prctotype 

E Perform market enalysis 

F Estimate cost'price 

G Review manufacturing facilities 

H Make ten decision 

1 Manufacture model 

J Prepare market survey 

K Investigate packaging, label, etc. 
L Train interviewers 

M Conduct market survey 

N Make go-ahead decision 

O Manufacture packaging 

P Select name 

Q Select sales personr 1 

R Prepare advertising 

S Make patent application 

T Manufactui mg product 

Aussver * 



Q- 


13. 


Construct the network for the following set of activities. 
Activity Predecessors 


A 


B 


C 


D 

A 

E 

B 

F 

C 

O 

B.D 

H 

C,E 

I 

F 


T 


19 


Wwoo 


59 


Answer : 

The network depicting these dependency relationships is shown below. 




The network is drawn below. 
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1. Decisioa Trees 

The topic has been covered m Study VIII, Intermediate Statistics. Here, we 
shall take up a few relatively complex problems. The criteria of evaluation is 
mainly EMV i.e. Expected Monetary Value, which, the student may recall, is simi- 
lar to expected regret or expected payoff or expected opportunity loss. 

Example 1. Mr. X is trying to decide whether to travel to Sri Lanka from 
Delhi to negotiate the sale of a shipment of china novelties. He holds the nove- 
lties in stock and is fairly confident, but by no means sure that if he makes the trip 
he will sell the novelities at a price that will give him a profit of Rs 30,000 He 
puts the probability of obtaining the order at 0.6. If he does not make the trip he 
will certainly not get the order. 

If the novelties are not sold in Sri Lanka there is an Indian customer who 
will certainly buy them at a price that leaves him a profit of Rs. 15,000 and his 
offer will be open at least till Mr. X returns from Sn Lanka. Mr X estimates the 
expenses of trip to Sn Lanka at Rs 2,500 He is, however, concerned that his 
absence, even for only three days, may lead to production inefficiencies in the 
factory 1 hesc could cause him to miss the deadline on another contract, with the 
consequence that a late penalty of Rs 10,000 will be invoked Mr X assesses the 
probability of missing the deadline under these circumstances at 0 4 Further, he 
believes that in his absence thcie will be a lower standard of house-keeping m the 
factory, and the raw material and labour costs on the other contract will rise by 
about Rs 2,000 above the budgeted figure. 

Draw an appropriate decision tree for Mr X’s problem and using EMV as 
the appropriate criterion for decision, find the appropriate initial decision 

Solotinn!: 



Fig. 1 




B 


The decision tree is drawn jn the hgure above. Calculations of EMV proceeds 
jfont fight to lejt and for this reason the decision tree analysis is also known as the 
Roll Back Technique. 

Not Go 

30.000 x 0.6-= 18,000 15,000x1 = 15,000 

15,000x0 4= 6,000 (where 1 is the’probability) 

24,000 

24.000 X 0.6=14,400 
plus 

24,000X0.4= 9,600 
minus 

10,000X0.4= 4,000 


20,003 Hence Mr. X should proceed to Sn Lanka 
Minus 4,500 


15 500 

Example 2 M/s J Bloggs & Co is currently working with a process, which, 
after paying for materials, labour etc brings a profit of Rs 10,000 The following 
alternatives ate made available to the company. 

(i) The company can conduct research (Rj) which IS expected to cost Rs. 

10,000 and having 90% probability of success, the company gets a gross 
income of Rs 25,000. 

(ii) The company can conduct research (Rj) expected to cost Rs. 5,000 and 
having a probability of 60% success. K successful the gross income will 
be Rs. 25,000. 

(ill) The company can pay Rs 6,000 as royalty of a new process which will 
bring a gross income of Rs 20,000 

(iv) The company continues the current process 

Because of limited resources, it is assumed, that only one of the two types of 
research can be carried out a time. 

Solution : The decision tree which represents the possible courses of action 
IS depicted in figure 2. Point 1 is a ‘decision box’ located ‘now’ on the time scale. 
The four possibilities arising here are shown Upon failure of a particular research, 
say, Ri, there are again 3 original alternatives to be sorted out, that of Rj being 
excluded If Rs fails after failure of Ri the company is left with only two choices, 

1 e., either to pay royalty or continue the existing process. 

I Branch Current 
()1| Net Return =Rs. 10,000. 

‘ Branch Licence 

Net Return=20,000 - 6,000=Rs. 14,000. 

Branch Ri First 
Value at Point 3 

Current Rs. 10,000 

Licence Rs. 14,000 

Value at point C, Expected gross profit 

**25,000 X 0-6+ 1 4,000 X 0.4 

•- 20 ,« 00 . 
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Value at Point 2 


Licence 

Current 

R» 

Value at Point A 
Value at Branch Rj 

Branch R* First 
Value at point 5 
Current 
Licence 

Value at Point at D . 


Value at point 4 
Current 
Licence 
Ri 


Rs 14,000 
Rs 10,000 

20,600—5,000=^15,600 

25,000X0 9 + 0.1 X 15,600=24,060 

24,060-10,000-14,060 


Rs. 10,000 
Rs. 14,000 

Expected gross profit 
=0.9x25,000+0.1 X 14,000 
=23,900 

Rs. 10,000 
Rs. 14,000 

=Rs. 23,900—10,000 
=13,900 
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Value at Point B =0.4x14,000+0 6x25,000 

=20,600 

Value of Branch R, =20,600-5,000= 15,600 

Thus R, followed by licence upon former’s failure is the best course of action. 

Exercises 

1. A complex airborne navigating system incorporates a sub-assembly 
which unrolls a map of the flight plan synchronously with the movement of the 
aeroplane. This sub-assembly is bought on very good terms from a sub-contractor 
but is not always in perfect adjustment on delivery. The sub-assemblies can be 
readjusted on delivery to guarantee accuracy at a cost of Rs. 50 per sub-assmbly. 
It is not, however, possible to distinguish visually those assemblies that need 
adjustment. 

Alrtenatively the sub-assemblies can each be tested electroincally at a cost of 
Rs. 12 per sub-assembly tested. Past experience shows that about 40% of those 
supplied are defective, the probability of the test indicating a bad adjustment when 
the sub- assembly is faulty is 0 7, while the probability that the test indicates a good 
adjustment when the sub-assembly is properly adjusted is 0 8. If the adjustment is 
not made and the sub-assembly is found to be faulty when the- system has its final 
check, the cost of subsequent rectification will be Rs. 150 

Draw up an appropriate decision tree to show the alternatives open to the 
purchaser and use it to determine his appropriate courses of action. 

Answer : For either strategy. E M V =Rs 50 

2. A client asks an estate agent to sell three properties (A, B and C) for 
him and agrees to pay him a 5% commission on each sale. He specifies certain 
conditions. The estate agent must sell A first, and this he must do within 60 days. 
If and when A is sold the agent receives his 5% commission on that sale. He can 
then either back out at this stage or nominate and try to sell one of the two remain- 
ing properties within 60 days. If he does not succeed in selling the nominated pro- 
perty m that period, he is not given the opportunity to sell the other If he does sell 
it in the period, he is given the opportunity to sell the third property on the same 
conditions The following table summarises the prices, selling costs (incurred 
whenever a sale is attempted) and the estate agent’s estimated probability of 
making a sale. 


Data for Property sales 


Property 

Price of 

Selling 

Probability 


Property 

Costs 

of Sale 


Rs. 

Rs 


A 

12,000 

400 

07 

B 

25,000 

225 

06 

C 

50,000 

450 

05 


(i) Draw up an appropriate decision tree for the estate agent. 

(ii) What is the estate agent’s best strategy under EMV approach ? 
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Answer : Accept offer to try to sell A — If sell A then try to sell C— If sell 
C then try to sell B 
2. Utility function 

In study 1 1, we paid increasing attention to the expected payoff criteria after 
heaving discussed the maximax and maximin criteria briefly The reason being that 
the expected payoff criteria lends itself to mathematical treatment to a great extent. 
We saw how it could be utilized m deriving the opportunity loss of the optimal 
policy which is the cost of perfect information With this cost, the decision maker 
can be aided to undertake a sampling enquiry / e., the a-priori distribution (or prob- 
abilities) can be augmented to derive a posteri distribution. Thus one is closer to 
cetainty though at the expense of sampling enquiry. But the expected pay-off or 
return criteria has shortcomings This was demonstrated by Von Neauman- 
Morgenstern who developed the concept of utility which is far more realistic than 
the expected value. 

It IS a common experience that the worth of an amount of money, say 
Rs. 100, may mean different not only to different people but even to the same 
person at different occasions So is also the case m business situations. A company 
in a sound financial position may opt for a risky venture since it is capable of 
absorbing the loss, if at all it occurs, without much disruption 

Consider the following set of alternative oppoitunities : 

Bi— An award of Rs 1,000 with a chance of 100 in 100 

B, — An award of Rs 5,000 with a chance of 50 in 100 and penalty of 
Rs 1000 with a chance of the rest of 50 in 100 

It IS interesting to see that normally one may choose Bj although the cool 
mathematical fact by expected value is that Ba is superior. This to be seen from 
the computations below : 

Expected value of (Rs) Expected value of.. (Rs.) 

B, = 1000 B,=5000X _ 1,000 x --~ 

=2000 

This simple example, then, points out the inadequancy ol the expected value 
criteria Let us now turn to Neuman— Morgenstren’s 'standard' gambling technique. 
It IS based on betting odds which a rational individual would insist on before accep- 
ting some risk 

2.1. The Von Neumann Morgestern Method : This method of measuring utility 
is known as the standard gambling technique. It involves conversion of betting 
odds, VIZ , Rs 5000 or zero with a 50/50 chance, which a rational decision-maker 
would insist upon before accepting some risk into a curve (see Fig. 3 on p. 7) of 
the utility of money to the individual Utility is measured in the units utils. Let us 
take an example to explain how a point on this curve is obtained. Consider an 
individual who is offered 2 choices. 

(i) Winning 5,000 or nothing with 50/50 chance. 

(ii) A sure gift of Rs. 2,000. 

Assume, as is expected to be the case with most, he opts for the sure 
Rs. 2,000. Decrease this gift alternative to Rs. 1.800 and ask him his choice. He 
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ill dreads the 50/50 gamble and opts for the sure Rs. 1,800. Go on this way until 
the individual is indifferent. This point is called the certainty monetary equivalent or 
C M E of the gamble. Let us assume that this individual’s certainty monetary 
equivalent to the gamble offered IS Rs. t.OOO The lirst step in plotting the utility 
curve IS to assign utility numbers to two values in the gamble. It is also axiomatic 
that the utility of Rs. 5,000 for example, is greater than of 0 Suppose we assign 
a utility of 5 to 5,000 and 0 to Rs. 0. Now the individual is indifferent to 

(i) Winning 5,000 or nothing with 50/50 chance. 

(ii) A sure gift of Rs. 1,000. 

Obviously, then, the utility of Rs. 5,000 with a probability of 0.5 equals 
utility of Rs. 1,000 with probability of 1.0. Symbolically, 

JUsogO + iUo= 1 .Uiooo 

Now Ueooo^S and Ue=0. 

Thefore, Uioo()=i ‘5+^ ‘0=5/2 utils. Thus we have the following three 
points on the utility curve. 

Rupees Utils 

5.000 5 

1.000 5/2 

0 0 

By the same procedure, offering some other betting odds against a gift is 
repeated and more points on the utility curve obtained. For example, the indiuivual 
may be indifferent to (i) winning Rs. 5,000 with 2/5 and nothing with 3/5 chances 
and (ii) a gift of Rs. 800. 

2 3 

Thus ■^Utoool* "^110=1 Ugoo. 

or U8no= > 5=2. 

The curve may then be plotted as in Fig. 3. The student might have already 
recognised the similarity between plotting the utility curve and weighting of 



Fig. 3 Utility Function 
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the objectives discussed in Study 1. In business situations the gifts etc. are outcomes 
of certain strategies and the businessman is required to assign probabilities to the 
outcomes or express his indifference in the above sense. Let us, however, restate the 
above mode of questioning the individual in a slightly different manner 

We may offer the same individual a choice between (i) gamble having a 
probability p of winning Rs 5,000 and a probability of (I— p) of winning Rs. 0 and 
(ii) a certain gift of Rs. 800 Ask him to assign the value of p where he would be 
indifferent to the clioices Assume that he puts is as J. Then 

iIJ5000 + iUo=U800 

U8„o-= 5/2 Utils. 

Example 4 • Suppose a businessman arbitrarily assigns a utility of 25 utils 
to the amount of Rs 100,000 and zero units to zero rupees. Further, suppose by 
questioning it has been determined that his certainty monetary equivalent to a 
gamble m which he can win Rs 100,000 with a probability of 0 40 or win nothing 
with a probability ol 0 60 is Rs 30,000 What is the utility of Rs 30,000 ? 

Solution . 

0‘4 Uiod.ono fO 6Uo— Uaoiuoo 

or Uso.ouo “0 4x 25-=’10 (Ans ) 

Example 5 : Suppose that in the previous problem when the utility of 
Rs. 100,000 was 25 utils and the utility of 0 rupee was 0 utils, the businessman was 
asked to specify the probability of winning a prize of Rs 100,000 or nothing such 
that he would be indifferent between the gamble and a certain gift of Rs 25,000 
Suppose he specified that the probability of winning Rs. 100,000 would have to be 

0 50 What is his utility for Rs 25,000 ? 

Solution ■ 0 50x25 1-0 50x0=Utr,,()(iii 

1 e. Usi,()',o=12J 

2 5 A Logarithmic Utility Function So far we have been discussing the 
utility function for a particular individual and it goes without saying that these 
would differ from one individual to another There are, however, certain common 
characteristics We mentioned one of those It is axiomatic that the larger the 
amount of money the larger is its utility But possibly the increase is asymptotic 

1 c each extra rupee has diminishing returns in terms of utility These requirements 
are easily met by logarithmic functions Symbolically, 

log X=U (Rs. X) 

The interpretation of this being that the logarithm of X rupees is the utility 
of X rupees Whether it is logarithmic function to the base 10 or e matters little 
Since logarithm of 0 is oo this situation can be circumvented by letting 

log (X+l)=U(Rs. X) 

The interpretation of this being that the logarithm of X+1 equals the utility 
of X rupees The logarithmic function is obviously a better approximation for an 
individual’s personal utility function for money than a linear function 

Example 6 : Assume a utility equation for a rupee was 
log Rs. (X+1)=U (Rs X) 
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Use logarithms to the base 10 and find 

(а) the utility of Rs. 15. 

(б) the utility of Rs. 500. 

(c) the utility of Rs. 2,000 

Solution : 

(a) log 16=2.0412 

ib) log 501=2 69984 

(c) log 2,001 = 3 30124. 

Example 7 : An opportunity is offered at a cost of Rs. 22 to participate m a 
venture with 0 10 probability of gaining Rs 100 and a probability of 0 90 of gaining 
Rs. 10. Bose has a utility function for money amounts given by UtM)=iVH-0.01M* 
where M is the money amount 

(A) Would you expect Bose to participate m the venture ? 

(B) Aiyer has a utility function, UtM)=log M. How much would he be 
willing to pay to buy into this venture 

Solution • (A) U(22)=22+0.01 x22*=26 84 
U< 1 00) = 1 00 + 0. 1 X 1 00*= 200 
U(I0)=10+0.01X10*=11. 

(0 l0jU(100) + (0 90)U(10)=20+9 9=29.9. 

Since the utility of Rs 22, 26.84 ^29 9, Bose should participate in the 
venture 

(B) U(M)=log(M) 

Let C be the cost that Aiyer should be willing to pay. 

U (100)=log 100=2 
U(10)=log 10=1 
U(C) =2X0 10+1x0.90=1.1 

(C) =Antilog l.l=Rs. 12.88. 

Example 8. Corporation XYZ is considering an investment which would 
utilise all Its funds available for investment. The researchers expect either of the 
two instantaneous events to occur, with the results shown in table below ' 

Event Conditional Net Probability 

Monetary Value of Event 

Rs 

A 1,000,000 0 70 

B -50,000 0.30 
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Assuming the firm has the utility function which may be approximated as 
follows ; 


U-= OOdl Y* 


if Y <-1,500 




if Y ^—1,500 


(A) Is It desirable to undertake the venture on the basis of the assumed 

utility function 




(B) What would be the decision if the expected payoff criteria is used ? 

Solution (A) 

Event Conditional Net 

Conditional 

Probability 

Expected 

Monetary Value 

Uttlity 


Utility 

A 1,000,000 

1 000,000 

0 70 

700,000 

B -50,000 

2,500,000 

0 30 

-750,000 


-50,000 


It IS not desirable to undertake 

the venture, therefore, 


(B) 

Event 

Conditional Net 

Probability 

Expected 


Monetary Value 

of Event 

payoff 

A 

1,000,000 

0 70 

700,000 

B 

50,000 

0 30 

-15,000 




685,000 


The venture should be undertaken therefore. 

(The contradictory results are to be noted— hence the inadequacy of the 
expected payoff criteria) 

Exercises 

1 A decision-maker has the following utilities over the relevant portion of 
his overall assets scale : 

Assets (Rs. 10,000) 5 6 7 8 9 

Utility 0.32 0 46 0.59 0 67 0.72 

(i) The decision-maker currently possesses total assets of Rs. 70,000. He 
is offered a place m the lottery where he has a chance of 0 6 of winning Rs. 10,000 
together with complementary chance of 0 4 of losing Rs. 10,000. Should the 
decision-maker accept the offer ? 

(ti) If the dccision-maker were offered participation in a senes of two inde- 
pendent plays of the same lottery with same prizes and probabilities in each play 
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would this affect his decision to enter (or not to enter) the lottery ? (Note that 
enter implies participation in both plays of the lottery). 

Answer : 

(i) No; he should not accept; (li) Yes, it will affect his decision and he 
should accept. 

2 Mr. X currently has assets of Rs. 100,000 and is presented with a deal 
which in his opinion, has probability i of resulting in a loss ot Rs 100,000, but 
probability 2/3 of resulting in a profit of Rs 100,000, Mr. X’s utility function is as 
follows : 

Assets (Rs OOOO’s) 0 2.5 5 10 15 20 

Utility 0 0.45 0.65 0 85 0 95 1 OO 

(i) Show that Mr. X should refuse the deal. 

(ii) Suppose that five people with utility functions exactly like Mr. X‘s and 
each with assets of Rs. 100,000 all assign the same probabilities to the possible con- 
sequences of this deal. If they all agree to share the profit or loss equally, does the 
deal become attractive for all of them as a syndicate ? 

Answer 

(i) Mr. X should refuse the deal as expected end utility is 0.67 (compare 
with initial utility of 0 85). 

(li) The deal becomes attractive to the syndicate; expected and utility for 
each individual is 0.86. 

(Hint : Plot utility against assets and interpolate). 

3. Investment and Uncertainty 

3 1. The student is referred to Financial Management Study Note V for 
introduction to the Hillier's models It may be recalled that the following formulae 
are used for finding the mean and the variance of the net present value by Hillier’s 
model. 

n 

M - J (I+r)-‘Mi 
/=0 
n 

J (l+r) * 

/=0 

where M| is the mean and at, the standard deviation of the cash flow distribution 
(assumed normal) of the i-th period, and r is the discounting factor. These formu- 
las apply, if periodic cash flows are independently distributed If, however, the 
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periodic cash flows are not independently distributed but are perfectly correlated 
the following tormulas may be used 

n 

M = (l+r)-‘Mi 

1=0 

= [£ (l+rpa, ]‘/e. a = J] (l+r)-<o< 

The economic interpretation of perfect correlation between two nor/wa//>'Tlistributed 
random cash flow is as follows If Xi deviates randomly from its mean by n standard 
deviations Xi+j will also deviate in the same direction by n standard deviations. If 
not stated otherwise in a problem cash flows may be assumed as independently distri- 
buted 

Example 9 Assume a discount rate of 0 10 and an investment with the 
following project cash flows . 

Year Cash-Flows 

0 -1600 

1 1500 

2 1000 

Assuming the firm has a linear utility function for money, should the invest- 
ment be accepted 't' 

Solution : 

This IS a capital budgeting problem under certainty. Also, the utility func- 
tion being linear, the student should be in a position to solve it readily by the tradi- 
tional methods Any how, the solution is given below. 


Period, i 

Cash Flows 

(Z + r)-* 

Present Value of 




Cash Flows 

0 

— 1,600 

1.000 

-1,600 

1 

1,500 

0.909 

1,364 

2 

1,000 

0 826 

826 




+ 590 


The NPV being -t-ve the investment should, therefore, be undertaken. 

Example 10. Assume the cash flow of example 9 are independently and 
normally distributed with the following parametric values : 

Period, i Mean, Mi Standard deviation, ai 

0 Rs.- 1,600 Rs. 400 

1 1.500 500 

2 1,000 600 
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(A) Compute the mean of the present value distribution. 

(B) Compute the standard deviation of the present value distribution. 

(C) Compute the probability of the investment having a net present value 
of zero or less. 

(D) Compute the expected value of loss (or the expected value of perfect 
information). 

Solution : 


1 

(1 + 0.10)- 

Ml 

(1 + 0 10)-*Mi 

(1+0.10)-*' 

(ji* 

(1+0 10)-‘V 

0 

1.000 

-1,600 

-1,600 

1.000 

16xl0< 

16.0X10* 

1 

0 909 

1,500 

1,364 

0 826 

25X10* 

20 65 X 10* 

2 

0 826 

1,000 

826 

0 682 

36x 10* 

24 55x10* 


M=590 61 2xl0<=(r* 


(A) M=590 

(B) ff=\/^l 72x1 0^=780 

(C) Z»= -0.757 ; Probability^O 224 approx. (from normal 

tables) 

(D) L (0 757) -0 129 (from Appendix 1) 

*EVPI=0 129x780-100 


Example II Assume a discount rate of 0 10 and an investment with the 


following projected cash flows : 


Year 

Mean Cash Flow 

a of cash flow distributions 

0 

Rs.— 1,600 

Rs 700 

1 

2,000 

1,000 

2 

1,000 

1,500 


The distributions are assumed to be normal and independent of each other. 

(A1 Compute the mean of the present value distribution. Using the mean 
value, would the investment be accepted ? 

(B) Compute the standard deviation of the present value distribution. 

(C) Compute the probability of the investment having a net present value 
of zero or less. 

(D) Compute the expected value of loss (or the expected value of perfect 
information). 

■"Please see that 780=ba i e. S.D. in rupees, a having been pre-multiphed by 
the contribution per unit. In Study II, we used S.D. in units 
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Solution : 


i 

Ml 

(1 -bO 10)“‘ 

Mi(l-hO.lO) * 

ai* 

(l+0.10)-»* 

oi*( 1+0.10) 

0 

-1,600 

1.000 

-1,600 

49 X 10* 

1.000 

49.0x10* 

1 

2,000 

0 909 

1,818 

100x10* 

0 826 

82.6x10* 

2 

1,000 

0.826 

826 

225X10* 

0.682 

153.5x10* 


1.044 285.1X10* 


(A) Since NPV mean is +ve the investment should be accepted. 

(B) 285 r>ri0*= 1,688 
0-1044 

(C) Z= — j^gg — -- — 0 62, Probability=0 2676 

(D) EVPI=:1688XL=1688X0 1633=275 


Example 12 Obtain expected DCF and the associated risk as measured by 
the standard deviation for project A, if the cost of capital equals 10% given proba- 
bility distribution of cash flows as ; — 


Year Cash Prohahility Year Cash 

Probabihtv 

Year Cash 

Probability 

flows 



flows 


flows 


1 1,000 

.10 

2 

1,900 

.20 

3 1,500 

10 

1,500 

20 


2,500 

.30 

2,250 

.70 

2,000 

.40 


2,750 

.20 

2,500 

.10 

2,500 

.20 


3,150 

.30 

3,000 

.10 

3,000 

.10 






Solution ' 







Means and standard deviations of 

various year’s 

cash flow outcomes are 

calculated below 







Year 1 












( x-2000 \ 


Cash flow 


Prob. 

P px 

x—2000 

( 100 J 

1 col 5xp 

(1) 


(2) 

(3) 

(4) 

(5) 

(6) 

1,000 


0.10 

100 

-1,000 

100 

10 

1,500 


0.20 

300 

500 

25 

5 

2,000 


0.40 

800 

0 

0 

0 

2,500 


0 20 

500 

500 

25 

5 

3,000 


0.10 

300 

1,000 

100 

10 



Meao= 

=2000 


250 

30 




— 


— 



Variaace^aOxlOO* 
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Year 2 





X- 

-2625 ( - 

-2625 y 

100 ) 



1,900 

0 20 

380 

-725 

52.56 

10 512 


2,500 

0 30 

750 

-125 

1 56 

0 468 


2,750 

0.20 

550 

125 

1 56 

0.312 


3,150 

0.30 

945 

525 

27 56 

8.268 



Mean= 

2625 



19 560 


Variance: 

= 19.560x100* 





Year 

3 


X- 

-2275 ^ — 

-2275 y 

100 j 



1,500 

0.10 

150 

-115 

60 06 

6 006 


2,250 

0.70 

1575 

-25 

0 06 

0.042 


2,500 

0.10 

250 

225 

5 06 

0 505 


3,000 

0 10 

300 

725 

52.56 

5 256 



Mean- 

ins 



11 809 


Variance- 

=11.809x100* 






The mean and variance are discounted below ’• 


I 

(1+0.10)' 

M' (l+0 10)-‘Mi 

(1+0.10)-** 0*' 

(Ji*(l+0 10)-*' 

1 

.909 

2000 

1818 

.826 

30X100* 

24.78x100* 

2 

.S26 

2625 

2168 

.682 

19.56X100* 

13.06X100* 

3 

751 

2275 

1709 

.564 

11.809x100* 

6.69 .100* 



Expected DCF= 

= 5695 



45.53X100* 


Standard deviation = V 45 53 X 100* 

=675. 

Example 13 An electronics company is considering investing in a new plant 


where it will produce either television components, or computer component for a 
new as of yet untested computer. Their economist predicts that the returns from an 
investment on the television component will be independent of each other and have 


the following mean and variances 

1 


Year 

Expected Value 

Variance 


Rs. 

Rs. 

1 

100,000 

20,000 

2 

80,000 

15,000 

3 

200.000 

30,000 

4 

200,000 

40,000 

3 

200,000 

30,000 
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The computer components returns on the other band, arc thought to be 
perfectly correlated mth each other, as all of them will depend on the market’s 
acceptance of the new computer. The returns on this investment have an expected 
value of Rs 130,000 and a variance of Rs. 40,000 each year. Assume that both 
investments can be made for Rs 500,000 each and that the firm’s cost of capital is 
10%. Find the expected value and the standard deviation of the net present value 
of (a) television project (b) computer project 
Solution . 


■(a) 


1 

Ml (1+0 1C) “ 

Mi(l+0l0)-*‘ 0,* 

(1+0 10)-8* 

(1+0.10)-*’ a' 

0 - 

-50x10^ 

I 000 

—500,000 

1 000 

0 

1 

lOx 10< 

0 909 

90.900 20X108 

0 826 

16 52xlC8 

2 

8X10' 

0 826 

66,080 15X108 

0 683 

10 25X10* 

3 

20X10' 

0 751 

150.200 30x108 

0.565 

16 95X10* 

4 

20x10' 

0 683 

136,600 40x103 

0 467 

18 68X10* 

5 

20x10' 

0 621 

124,200 50x108 

0.386 

19 30X10* 




67,980 


81.7X10* 



Thus M 

67,980 Answer ; o--- \/8i7 X 10* 

286 Answer 


(li) 






M. 

(I 1-0 10) 

M.dxOIOj' <r, 

o-(M 0 10)-‘ 

0 

— 50X 10' 

1 000 

—50,000 0 

0 


1 

13X10' 

0 909 

118,170 200 

181.8 


2 

13x10' 

0 826 

107,380 200 

165 2 


3 

13X10' 

0 751 

97,630 200 

150 2 


4 

13X10' 

0 683 

88,790 200 

136 6 


5 

13X10' 

0 621 

80,730 200 

124.2 





+492,700 

758 0 

Answer. 




—500,000 

— 



— 7,300 Answer 
Exercise 

1 . Mercantile Motors, a large auto manufacture is considering an invest- 
ment in a new plant that will expand the output of its most snccessful madel, the 
Mercombile Since this vehicle has gained substantial consumer acceptance, 
management has reason to believe that the incremental cash flows from the invest- 
ment will be independently normally distributed variables The plant is expected 
to cost Rs 101 5 million whilst the net cash flow will accrue over the next six years. 
Each flow has an estimated mean of Rs 30 million and a variance of Rs. 25 
millions. If Mercantile’s cost of capital is 10% what are expected value and 
variance of the net present value from investment 7 
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Answer : 

Rs. 29.15 m and 81.17 m. 

2. Assume that the proposed plant in exercise 1 above is to be utilised m 
the production of a new pollution-free vehicle, the cleanvair. Since this automobile 
will be expensive and will be marketed untested. Mercantile assumes that the net 
incremental cash flow will be perfectly correlated, with mean and variance as given 
m exercise above. What arc the expected value and variance of the net present 
value of the investment. 


Answer : 

Rs. 29.15 m. 


Moderate Correlation 


f 


We discussed in the previous section Hillier’s models for (i) independent 
and (li) perfectly correlated cash flows. Below, we straightway take up the case 
where cash flows are moderately correlated i.e the intermediate case, by means of 
Example 14. 


Example 14. The investment m a project costing Rs 250 at time 0 were 
expected to generate the possible net cash flows shown in the table below ; 

Period I Period 2 


Initial Prob 

Net cash 

Conditional 

Net cash 

Joint 

P(l) 

flow 

Prob. (2/1) 

flow 

Prob. (1,2) 

0 25 

-100 

0.40i 

-400 

0.10 (=0 4x0.25) 



0.40 >- 

-100 

0.10 



0.20J 

200 

0.05 

0 50 

200 

0 20) 

-100 

0.10 



0 60 )• 

200 

0.30 



0.20 J 

500 

0.10 

0 25 

500 

0.20) 

200 

0.05 


0 40 V 

500 

0.10 



0.40J 

800 

0.10 


• Find expected NPV and its S.D. with a discount rate of 4%, 

Solution : The decision tree is drawn below. In this problem, there are 
nine possible series of net cash flows. The first series is represented by cash flow 
of —100 in period 1, followed by a —400 cash flow in period 2. The probability 
associated with this path is 0.4x 0.25=0.10. The NPV of this series may be com- 
puted as below ; 


NPVj=-250 


100 400 

1.04 I.04» 


= -715.98 


The second cash flow series is represented by a cash flow of— Rs. 100 in 
period 1, followed by a— Rs. 100 cash flow in period 2. The NPV of this series is 

100 100 


NPV,= -250-j;;0^ - 
«:rR8.:438.61. 


1.04* 



so 


3 4 The certainty-equivalent approach consists of modifying appropriately 
the numerator of the each flow stream in the NPV equations as oelow : 

r=0 

where t stands for period. At for cash flows, a« is the certainly equivalent eoefB- 
cient for period t and r is the interest rate. The value of the coefficient may vary 
between 0 and 1 and the variations are in relationship to the degree of riskness. 
This coefficient would be assigned by the management. 

Hert^ Simulation Model : Hertz developed a simulation model for the 
investment decision-makmg for introduction of a new product. It is discussed in the 
section on Simulation 

Miscellaneous Examples 
Example 1 

The Alpha Co can invest in one of two mutually exclusive projects. The two 
proposals have the following discrete probability distributions of net cash flows for 


period, p : 

A 



B 


Proh 


Cash flow 

Prob. 


Cash flow 

0.20 


Rs 1,000 

0.10 


Rs 1,000 

0 30 


2,000 

0.40 


2,000 

0 30 


3,000 

0.40 


3,000 

0 20 


4,000 

0.10 


4,000 


(a) Without calculating a mean and a coeflScient of variation, can you select 
the better proposal, assuming a risk-averse management ? 

(b) Verify your intuitive determination. 

(c) Suppose that Rs. 1,000, Rs. 2,000, Rs. 3,000, Rs. 4,000 have the util 
values of 0 008, 0.014, 0.018, and 0.020 respectively. Work with these and ascertain 
if this would change the decision. 

Solution : 

Since both the probability distributions are symmetrical and cash flows are 
the same following conclusions can be drawn without going into actual calcula- 
tions : 

(i) They have the same mean. 

(ii) A is more variable. 

Hence proj'ect B is to be preferred. 

Below we compute the means as verification. 
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A 

.20X1000 = 200 
30x2000 = 600 
.30x3000 = 900 
.20x4000= 800 

Mean = 2500 


B 

.10X1000 = 100 
.40x2000 = 800 
.40x3000 =1200 
.10 x 4000 =■ 400 

Mean = 2500 


Below we compute the variances as venfication. 


A 

(2500- lot 0^*X 20=100»X45 
(2500-2000)* X .30=100* X 7.5 
(2500-3000)* X .30=100* X 7.5 
(2500 - 4000)* X 20= 100* X 45 


105.0X100* 


B 

(2500— 1000)*x 10=22.5X100* 
(2500— 2000)* X .40=10 Ox 100* 
(2500— 3000)* X. 40=10 Ox 100* 
(2500-4000)* X .10=22.5 X 100* 

65.0 X 100* 


Obviously A is more variable than B. 

Utils (A) = .20X.008+ 30X.0144-.30X 0184-.20X0 020 
= 00164- .0042 4 0054 4 0040 = 0152 
Utils (B)= 10X.0084.40 X 0 0144.40 X 0 0184 10 X 0 020 
= .0008 4.0056 4.00724.0020 = .0156 

Hence project B is still to be preferred 




Example 2 : 

The Theta company uses a certainty — equivalent approach in its evaluation 
of risky investments Currently the company is faced with two alternative proposals. 
The expected value of net cash flows for each proposals arc as follow ’. 

Year A B 

0 -20,000 -15,000 

1 410,000 4 8,000 

2 410,000 4 9,000 

3 410 000 410,000 

(a) Risk analysis of each cash flow distribution has provided certainly equi- 
valents as follows : 


Year 

0 

1 

2 

3 


A 

B 

1.00 

1 00 

.9 

.95 

.8 

.90 

.6 

.50 



S2 


If the after-tax risk free rate is 4% which of the two alternatives should be 
selected 

(b) If the firm were to use risk-adjusted discount rate instead of a certainty- 
equivalent approach, what rates would be used in order to obtain an 
equivalent solution ? 

Solution . 

Under certainty equivalent approach, 

NPV 

L{i+ry 


Where zj is the certainty-equivalent coefficient for period i. At is the each 
flow for period i 


Alternative A : 






I 



A, 

a<A 

(1+rr 

o-iAi 

0 

1 00 


-20,000 

-20,000 

-1.000 

-20,000 

1 

.90 


10,000 

9,000 

.962 

8,658 

2 

80 


10,000 

8,000 

925 

7,400 

3 

to 


10,000 

6,000 

.889 

5,334 







+ 1392 

Alternative B •' 






1 



A* 

a‘A‘ 

(i+rr 

a‘A* 

(l + r), 

0 

1 

00 

15000 

—15000 

1 000 

-15000 

1 


.95 

8000 

7600 

.962 

7311 

2 


90 

9000 

8100 

925 

7493 

3 


50 

10000 

5000 

.889 

4445 

+4249 


Hence alternative B is more attractive. 

(b) Let the risk adjusted discount rate be r. 

Then -20,000+ 10000 (1 +rrJ+ 10000 (l+r)"* h 10000 (1 +0-3=1392 
(l+rrH(I+rr*+ (l+r)-3=2.1392. 

Looking to the present value tables, r=s20% gives L.H.S. =2.106. Thus the 
risk-adjusted discount rate is roughly 20%. For a more accurate solution, however, 
the student may sum up the L.H S as a G.P. and find r 
Likewise, for alternative B, 

-15,000 + 8000 (l+r)-i+9000 (l+r)'«+ 10000 (l+r)-»=4249 
8(l+rr>+9 (l+r)-»+10 (l+r)»= 19.249 
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Try r=20% 

L.HS. =8X.833+9X.694+10X.579 
=6.664+6.246+5.790 = 18.70 
Try r=l8% 

L.HS. =8X 847 +9 X. 71 8 + 10 X. 609 
=6.776 + 6.462 + 6.090 
=19.328. 

Heacc the risk-adjusted discount rate is roughly 18%. 

Example 3 : 

The Beta Co. has determined the following discrete probability distribution 
for net cash flows generated by a contemplated project 


Period 1 Period 2 Period 3 


Prob. 

Cash flow 

Prob. 

Cash flow 

Prob. 

Cashflow 

0,10 

Rs. 1.000 

0 20 

Rs 1,000 

0.30 

Rs 

1,000 

0 20 

2,000 

0 30 

2,000 

0.40 


2,000 

0 30 

3,000 

0 40 

3,000 

0 20 


3,000 

0 40 

4,000 

0.10 

4,000 

0.10 


4,000 

fa) 

Assume that the probability distribution of cash flows for 

future periods 

are independent. Also, assume 

that the after tax, risk-free rate is 4%. If the pro- 

posal will require an initial outlay of Rs. 5,000 determine the expected value of 

the N P V 







(b) 

Determine the S.D. about the expected value. 




Solution : 







Mean cash flows (Mi) are computed below for the various years , 



Year 1 


Year 2 


Years 


Prob. Cash flow 

Prob. 

Cash flow 

Prob. 

Cash flow 

1 

2 3 

4 

5 6 

7 

8 

9 


1x2 


4X5 



7x8 

.10 

1000 100 

.20 

1000 200 

.30 

1000 

300 

.20 

2000 400 

.30 

2000 600 

.40 

2000 

800 

•30 

3000 900 

.40 

3000 1200 

•20 

3000 

600 

•40 

4000 1600 

.10 

4000 400 

10 

4000 

400 


3000 


2400 



2100 
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(a) 


Year 

Ml 

(1+0.04)-* 

Ml (1+0.04) 

0 

-5000 

1.000 

+5000 

1 

3000 

.962 

2886 

2 

2400 

.925 

2220 

3 

2100 

889 

1867 


/. Expected value of NPV = +1973 Answer. 


(b) Below, we compute variance for each year. 

Year 1 

(3000- 1000)* X. 10 = 1000*X0 4 
(3000- 2000)*x 20 = 1000»x0.2 

(3000- 3000)* X. 30 = 

(3000 - 4000)* X. 40 = 1000*x.4 

1000* Xl = 100* X 100 


Year 2 : 

(2400-1000)>X 20= 100*X39.2 
(2400 - 2000)*X.30 = 100*X4 8 
(2400-3000)'X.40 = 100* X 14.4 
(2400 - 4000)* X . 10 = 100* X 25 6 

100* X 84 0 


Year 3 : 

(2100- 1000)* X. 30 = 100»X36 3 
(2100- 2000)* X.40 = 100*X0 4 
(2100 - 3000)* X. 20 = 100* X 16 2 
(2100 - 4000)*X.10 = 100*X36.1 

100* X 89 0 


Computation 

Year, i 
1 
2 
3 


S.D 

Variances 

100x100* 

84x100* 

89x100* 


of 


(l+r)-*‘ 
0.925 
0 855 
0.790 


Variance X (I +r)*‘ 
92.500x100* 
71.820x100* 
70.310x100* 


234.630X100* 
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Hence probability 


S.D. « \/ 234.630X100* 


=1532 
^ 0-197 3 
1532 

=0'1 approx. 


-1-3 


(from Std. Normal Table) 


Exercises 

Q. 1. The Theta Corporation is faced with several possible investment pro- 
jects. For each, the total cash out flows required w/11 occur m the initial period. 
The cash out flows, expected net persent values and S.D.’s are given below. All 
projects have been discounted at the risk-free rate of 4% and it is assumed that the 
distributions of their possible NPV’s are normal. 


Project 

Cost 

NBV 

o 


Rs. 



A 

100,000 

10,000 

20.000 

B 

50,000 

10,000 

30,000 

C 

200,000 

25,000 

10,000 

D 

10,000 

5,000 

10,000 

E 

50,000 

75,000 

75,000 


(a) Construct a risk profile for these each of these projects in terms of the 
profitability index. 

(b) Ignoring size problems, are there some projects which are clearly domi- 
nated by others ? 

(c) May size problems be ignored ? 

(d) What IS the probability that each of the projects will have a NPV^O. 

(e) What decision rule would you suggest for adoption of projects within 
this context ? What (if any) of the above projects would be adopted 
under your rule 7 

Q 2. Parameters of the probability distributions of the present value of 
net cash flows from an investment arc given below. The distributions for each year 
are normal and independent of one another. 


Year 

Mean 

S.D. 


Rs. 

Rs. 

1 

20,000 

3,000 

2 

30,000 

6,000 

3 

40,000 

9,000 


The investment involves a certain current cost of Rs. 94,000. Find the EVI 

[Answer : Rs. 1353] 


Q. 3 A firm is considering two proposals as a part of its capital budget. 
Proposal A requires a net cash outlay of Rs. 12,000 ; B requires Rs. 15000. Each 
project has an estimated life of 3 years. An analyst has estimated the returns after 
taxes. 
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For Project A 
Year outflow/chance 

1 Rs 4.000/40% and Rs. 5,000/60% 

2 Rs 8 000/30% and Rs. 5,000/70% 

3 Rs 9,000/40% and Rs 5,000/60% 

For Project B 
Year outflow/chance 

1 Rs. 4,000/50% and Rs. 6,000/50% 

2 Rs 12,000/40% and Rs. 8,000/60% 

3 Rs. 7,000/30% and Rs. 10,000/70% 

The firm’s cost of capital is 10% 

Questions : 

(1) Which project has the higher weighted-average profitability index ? 

(2) Which project has the larger S.D 7 

(3) Which project has the larger coefficient of variation ? 

Q 4. A firm is considering the introduction of a new product with returns 
expected over the next 5 years Because the product’s market reception is uncertain 
management feels that if initial reception exceeds expectations, receptions in latter 
years, will also exceed expectations m about the same proportion i.e,, (he net mar- 
keting cash outflows can be treated as perfectly correlated over time. 

On the other hand, estimates of the initial investment in the project and of 
production costs are reasonably reliable so that any deviation from expectations is 
assumed to be attributable to random fluctuations Consequently initial investment 
and net production cash flow are regarded as being mutually independent ovci time. 
The probability information for the introduction of the new product is shown in the 
table below Assume that each of the probability distributions involved can be 
regarded as normal. If 4% is used as the nsk-frec rate find the NPV and standard 
deviation of the NPV of the proposal. 


Year 

Source 

Expected value of net 

SD 



cash outflows in lOOO's 




Rs 

Rs. 

0 

Initial investment 

-600 

50 

1 

Production cash outflow 

-250 

20 

2 

-Do- 

-200 

10 

3 

-Do- 

-200 

10 

4 

-Do - 

-200 

10 

5 

Production outflow-salvage value — 100 

15 

1 

Marketing 

300 

50 

2 

-Do- 

600 

100 

3 

-Do~ 

500 

100 

4 

-Do- 

400 

100 

5 


300 

100 
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Hint. This is a mixed situation involving an independent stream of finish 
flows and a perfectly correlated stream of cash flows. 

5 ( 

L (1 04)* 
r=0 


=6004 


300-250 

1.04 


= Rs. 419. 


600-200 
1 04* 


500^200 , 400—200 , 300-100 
1.04* '*■ 1.04* 1.04* 




50*4- 


20 * 


1.04* 


4- 


•+ 


15* 


1.04*0 


+ 


( — 

V 1.04 


+ . 


.+ 


100 

1.05* 


)■= 


398 


Q 5. The Delta Company has invested Rs. 300 in new machinery with ex- 
pected cash flows over two years as follows : 


Year 1 

Initial 

Year 2 

Conditional 

cash flow 

Probability 

cash flow 

Probability 


P(l) 


P(2) 

Rs. 


Rs. 


200 

0.3 

100 

0.3 



200 

0.5 



300 

0.2 

300 

0.4 

200 

0.3 



300 

0.5 



400 

0.2 

400 

03 

300 

0.3 



400 

0.4 



500 

03 


The firm’s cost of capital is 12%. Find expected NPV and its S D, 

r NPV = Rs. 201 1 

[^Answer : ^ ^ ^ j 

Q 6 Consider the following two investment proposals. 

Investment A Investment B 

(Outlay Rs. 1,000) (Outlay Rs. 2,000) 


Return 

Rs. 

Prob. 

Return 

Rs 

Prob. 

600 

0 30 

1,500 

0.30 

1,050 

0.40 

2,100 

0.40 

1,500 

0.30 

2,800 

0.30 


Assuming that S.D. of return is useful measure of risk, which of the two in- 
vestments IS more risky. In reaching a conclusion, calculate S.D. of return both in 
rupees terms and in % age term. 
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4. Some Solred Examples on Aafloities 

Definitions ; An annuity is a fixed sum paid penodically under certain stated condi- 
tions : the payment may be made either once a year or at more frequent intervals 

A deferred annuity or reversion is an annuity which does not begin until after 
the lapse of a certain number of years ; and when the annuity is deferred for n 
years, it is said to commence after n years, and the first payment is made at the end 
of (m+ 1) year 

Q 1 Find the amount of annuity of Rs. 100 in 20 years, allowing com- 
pound interest 4i%. 

Solution : Let A be the annuity, R the amount of Re. 1 for one year, n the 
number of years, M the amount. 

At the end of the first year A is due and the amount of this sum in the 
remaining (n — 1) year AR""L 

At the end of the 2nd year another A is due, and the amount of this sum in 
the remaining (n—2) years is AR"~“. 

And so on 

•. M = AR’’"i+ ..f-AR' + AR+A 

= A(1 4-R+R*-F. ...tonterms} 

R""! 

Ml- A j FORMULA 1 


Substituting n— 20, R == l + -jQ^= 1.045, 
A=100 in the above formula. 


M=100 


1 045*»-l 
1.045—1 


[log 1 045“ =20 log 1.045 =20 X0.0191163=0.382326. Antilog 0 382326 
=2 4in]. 

Q 2 A freehold estate is bought for Rs. 2750 , at what rent should it be 
let so that the owner may receive 4% on the purchase money. 

[A freehold estate is an estate which yields a perpetual annuity (n=oo) 
called the rent ; and thus the value of the estate is equal to the present value of a 
perpetuity equal to the rent. 

Let A be the annuity, R the amount of Re. 1 in one year, n the number of 
years, V the required present value. 

The present value of A due in I year is AR"^ ; the present value of A due in 
2 years is AR“* ; the present value of A due in 3 years is AR~* ; and so on. 

ff B The derivations of the formulas are. though, included here in the solutions the 
student should do them only if specifically wanted in a problem. 
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Now V IS the sum of the present values of the different payments. 
V=AR“^+ AR"*+ to n terms 


=AR-i 


l-R-" 

1-R-i 


=A 


1-R-" 

R-1 


1 . — 

ThusV=A 


FORMULA II 


For a perpetual annuity (syn, perpetuity) putting n=oc in Formula II. 
V=A/(R-1) — ^ FORMULA III 

Substituting V-llSQ and r=0 04 in Formula III. 

A=2750x0 04=110 rupees (Answer). 

Q. 3. How many year’s purchase should be given for a freehold estate, in- 
terest being calculated at 3J%. 

[If mA IS the present value of an annuity A, the annuity is said to be worth 
m year’s purchase] 

In the case of a perpetual annuity mA =— , hence 


m-—- 


1 

r 


FORMULA IV 


Substituting 


Ji 

100 


in Formula IV 


100 4 

'"”71=“ T 


Q 4. If a perpetual annuity is worth 25 year’s purchase, find the amount 
of annuity of Rs. 625 to continue for 2 years. 

Solution ■ Let us find r by applying Formula IV. 





R=1.04 


Applying Formula I 


M=A 


R"- 1 
R— 1 


1.04*- 1 
1 04—1 
0.0816 


.04 

ssRs. 1275 (Answer) 


Q. 5. If a perpetual annuity is worth 20 year’s purchase, find the annuity 
to continue for 3 years which can be purchased for Ri. 2522. 
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Applying Formula IV, r=“=0 05. 

1 — 

Applying Formula II, V= ij'i 


1 -l.OS » , 
2522= x:: A 


2522 X 


05 

100 


=Rs 926 10 Answer) 


1-105" 

Q 6 If 25 year’s purchase must be paid for an annuity to continue n years, 
and 30 year’s purchase for an annuity to continue 2n year’s find the rate per cent 

Applying Formula II 

l-R" 


25A=A- 


R-l 


(0 


I _ D f > 

and 30A=A - . (i.) 

From(i)25R~25 = l-R-" . (lu) 

=> R-"=24-25R 

From(u) 30R-30-1 R"" 

=» R"N-30R-31=0 


Substituting R~'’=24— 25R 

(24— 25R)’+30R-31=0 
576+625R*-1200R + 30R-31=0 
525R'-117t'R + 545=--0. 

The student may solve this quadratic equation himself and verify that 
R=1 032 

1 e. r=3 2%. 

Q 7. Raju has a capital of Rs. 20,000 for which he receives interest at 5%, 
if he spends Rs. 1800 every year, show that he will be ruined before the end of the 
I7th year. 

... , w A(l-R-») 

Applying formula II, V= — ^ — 


20,000= 1 800 

^0 5 i_j 05-„ 

18^100 
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— n log 1.05 = log 8— log 18 

log 18— log 8 
log 1.05 


0 3522 
0.0212 


17 years. 


Q. 8. What IS the present worth of a perpetual annuity of Rs. 100 payable 
at the end of the first year, Rs 200 at the end of the second, Rs 300 at the end of 
the third, and so on, increasing Rs. 100 each year ; interest being taken at 5% per 


annum. 


The present value of Rs. 100 due in one year is 100 R"* 

— Do— Rs 200 due in two years is 200 R~* 

— Do— Rs 300 due in 3 years is 300 R“S 

V- 100 R'i+200R-''4-300R-»-f.. oo (,) 

(Formula for the Summation of the senes on the R.H S , Let ;t=R i 

Let S = \x+2x* l-3.x®4-...oc . .v<l 
Sx = x*-t 2jc*-f- 00 
S(l— ;e) = ... .oo 

= (l+Jr+.«’ + oc) — 1 

1 


Using the formula. 


100 100X10^ 

■ 1 05X048* “I 05x48* 


(1-1.05-1)* 


Q 9 Give the present value discounted at 5% of an annuity of Rs. 300 for 

a period of 4 years commencing : (i) in 1 year’s time, (ii) in 4 year’s time ; (in) m 7 
year’s time 

Solution : [There is a problem of a deferred annuity to commence at the end 
ofp years and to continue for n years, allowing compound interest 

Let A be the annuity, R the amount of Re. 1 in one year, V the present 

value. 

The first payment is made at the end of (p+1) years. 



32 


Hence the present values of the first, second, third payments are res- 

pectively. 

AR-'*--"** 

V=AR-'«'+J' + AR-'«’^** 4 -AR--<*+^»' + to n terms. 

l-R-" 


AR-(*+i) 


1-R-i 
AR'* AR"»-" 


FORMULA V 


(N B. 
IS given by) 


“ R — 1 R-1 

The present value of a deferred perpetuity to commence after p years 




AR-* 


FORMULA VI) 


M = 4 


R-1 

Applying Fonitula V, 

(i) R--1.05, A - 300, p-l, 

„ 300x1.05-1 300x1 05-* 

V“ 05 05 

=6000(1 05-1-1 05 *) 

=6000(0 952-0 784) 

=6000 X .168 ==Rs. 1008 (Answer) 

(II) V=6000(1.05-*-1.05-8) 

= 6000 { 823- 677) 

=6000x0.146=Rs. 876 (Answer) 

(ill) V=6000 (1 05-’-1.05'ii) 

=60.0(0.711-0.585) 

=6000 x 0 126=R8. 756 (Answer) 

Q. 10. a, b, c year’s purchase must be paid for an annuity of continue for 
n, 2n and 3n year’s respectively prove that a*—ab+b'==ac. 


Solation : We are to prove that a'*—ab+b*=ac 

Or equivalently, a'+b*=ab+ac 

Now L.H.S. of (i)=a*+b* 

. M-R-»V M-R"*"V 

where a*=( -^ 37 - j and 6 j 

_ . d-R-")* . (l-R-**)* 

Thus L.H.S.* (R_i)s +“(R=i)t 


...(0 



= t -2R~» + 1 -2R-*" + R-<»)} 

2— 2R“"-R-*»+R-‘" 

- 

R.H S =ab+ac 
=fl{fc + c) 

1 — R'" . 1-R-*" l-R-f" 

No»a- Tjrr -rrr- ‘^= -R=r- 


Tb., r.h.s.-1^{L^ + '^} 

(l-R-")(2-R-*«-R-S") 

(R-D* 

2-R"*"-R8"-2R-’*+R'8"+R-<’* 

(R-D* 

2-2R "-R-*“H-R-''» 

(R-D* 

Thus L H S =R H S Q.E.D. 

Exercises: A man borsows Rs. 5000 at 4% compound interest, if the 
principal and interest arc to be repaid in 10 equal annual instalments, find the 
amount of each instalment 

(Answer : Rs. 616 46 P.) 

2. Find the sum of money received by a pensioner at 58 if he wants to commute 
his annual pension of Rs 1200 for a present payment when compound interest is 
reckoned at 4% p.a and the expectation of his life is assessed at 10 years only. 

(Ans Rs 9717 app) 

3. A wagon is purchased on instalment basis, such that Rs. 5000 is to be paid 
on signing the contract and four yearly instalments of Rs 3000 each payable at the 
end of the first, second, third and fourth year If interest is charged at 5% p a. 
what should be the cash down price ? 

Ans Rs. 15644 (app) 

4 A company sets aside for a reserve fund the sum of Rs 20,000 annually to 
enable it to pay off a debenture issue of Rs. 2,39,000 at the end of 10 years As- 
suming that the reserve accumulates at 5% p.a. compound, find the surplus after 
paying off the debenture stock 

(Ans Rs. 500) 

5, Find the present value of an annuity of Rs. 300 p.a. for S years at 4%. Answer 
to the nearest paisa, given that log 1.04=0.0170333, log 821.923=2.9148335 

If the above annuity be a perpetual one, what will be the present value ? 

(Am. Rs. 1335.58, Rs. 7500) 
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6. Oa his 48th birthday a maa decides to make a gift of Rs. 5000 to a hospital on 
his 60th birthday. He decides to save this amount by making equal, annual pay* 
ments up to and including his 60th birthday to a fund whrcb gives 3|% compound 
interest, the first payment being made at once. Calculate the amount of each 
annual payment (answer to the nearest paisa). 

(Ans. Rs. 310 90) 

7. A man buys a car for Rs 16,000. He estimates that its value will depreciate 
each year by 20 per cent of its value at the beginning of the year Find the 
depreciated value (Rs. x, correct to the nearest rupee) of the car at the end of five 
years If the man sets aside at the end of each of the five years a certain fixed sum 
(Rs y) to accumulate at 4 per cent compound interest m order to be able to buy at 
the end of the five years another car costing Rs 22,000 (after allowing the above 
depreciated value Rs x, for the old car in part exchange) find to the nearest paisa, 
the value Rs. y of each payment 

(Ans Rs 5242 , Rs 3103 33) 

8 The accumulations in a Provident Fund arc invested at the end of every year 
to earn 10% pa A person contributes 12^% of his salary to which the employer 
adds 10% every month Find how much the accumulations will amount to at the 
end of 30 years of his service, for every 100 rupees of his monthly salary (Give 
the answer to the nearest rupee) 

(Ans Rs. 44 442) 

5. Replacement Theory 

Replacement problem arise in the following types of situations 

1 The existing units have outlived their cfifcctive life and it is not economi- 
cal to continue their use because of increasing operating or maintenance costs etc. ; 
therefore, on economic considerations it becomes desirable to replace them with 
new units. 

2. The existing units “died i c., perished all of a sudden or destroyed 
etc. The past probabilities of “death” of such units can be used to 
derive the optimal replacement interval. 

The replacement problems are discussed under the following headings : 

1. Replacement of equipment (viz a truck or a machine) which worsens 
with time. 

2. Group replacement of items periodically (irrespective of bow many 
actually failed during the period). 


3. 


Staff Replacement Problems. 
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Replscement of items which deteriorate with time. 

First we shall disregard the money value. 

Let Mt^mamteoance cost in period t. 

C=Capital cost of item. 

S=Scrap value of the item. 

The maiatenance cost may rise iq a continuous or a discret (i e., stepped) 
fashion In the former case it will be described by some mathematical equation with 
Mt on the left side and a function of it on the right side. The latter case of the 
maiatenance cost rising m a discrete fashion is typified by the following example 
which we do not propose to solve at the moment. 


Example 1. 

The cost of a machine is Rs. 6,100 and its scrap value is only Rs. 100 The 
maintenance costs (which can be seen as discrete) are found to be : 

Year 1 2 3 4 5 6 7 8 

Maintenance 100 250 400 600 900 1250 1600 2200 

cost in Rs, 

When should the machine be replaced ? 


Reverting to various costs symbolised above by Mi ; C and S, the total 
cost T (n) incurred on the item in n years will be 


Continuous case 
n 

T(n)= |M( <//+C-S 
0 


Discrete case 
n 

T(/j)= JMi+C-S 
r=0 


Average cost of n years m the two cases is given below : 


Continuous case 




Mi dt-h 


C-S 


Discrete cass 

n 

A(«)= + 

t=0 


C-S 

n 


Without giving the proof, we shall make the following statement for the 
discrete case, 

n is optimal at the least average cost. 

The continuous case would not be discussed any more. 

Example I is solved below with the intention of elucidating use of this 

ttatemenL 
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Solution to Example 1. 

12 3 4 


Year Maintenance Cumulative 
t Cost, Mt Maintenance 

Cost 


5 6 

n 

J Mi+ Col. 5-Col. 1. 
t=\ C— S 


n 

J]Mi c-s 
/--=0 


1 

100 


100 

6000 

6100 

6100 

2 

250 


350 

6000 

6350 

3175 

3 

400 


750 

6000 

6750 

2250 

4 

600 


1350 

6000 

7350 

1838 

3 

900 


2250 

6000 

8250 

1650 

6 

1250 


3500 

6000 

9500 

1583 (Least) 

7 

. 1600 


5100 

6000 

11100 

1586 

8 

2200 


7300 

6000 

13300 

1663 

Thus 6 years is the optimal replacement period 



Example 2 : 







A firm 

IS considering replacement of fa machine, whose cost price is 

Rs. 12,200; and the scrap value is Rs, 200. The maintenance costs are found from 

experience to be as follows : 





Year 


1 2 


3 4 

5 

6 8 

Maintenance 






Cost (Rs.) 200 500 

1 800 1200 

1800 2500 3200 4000 

What IS the optimal replacement interval 7 



Solution : 







1 

2 

3 


4 

5 

6 

Year Maintenance 

Cumulative 

Loss in Col. 3+ 

Col 5-^ 


Cost 

Maintenance 

purchase 

Col 4 

Col 1 



cost 


price 



1 

200 

200 


12,000 

12,200 

12,200 

2 

500 

700 


12,000 

12,700 

6,350 

3 

800 

1500 


12.000 

13,500 

4,500 

4 

1200 

2700 


12,000 

14,700 

3,675 

5 

1800 

4500 


12,000 

16,500 

3,300 

6 

2500 

7000 


12,000 

19.000 

3,167 (Least) 

7 

3200 

10,200 


12,000 

22,200 

3,171 

8 

4000 

14,200 


12,000 

26.200 

3,275 
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Hence 6 years is the optimal replacement period. 
Example 3 


A truck owner finds from hts past records that the maintenance costs per 


year of the truck whose purchase price 

IS Rs. 8000 are given below : 



Year 

1 2 

3 4 

5 6 

7 8 


Maintenance cost 

1000 1300 

1700 2200 

2900 3800 

4800 6000 


Resale Price 

4000 2000 

1200 600 

500 400 

400 400 


Determine at which time it is desirable to replace the truck. 


Solution ; 





1 

2 

3 

4 

5 

6 

Year 

Maintenance 

Cumulative 

(C-S) 

Col. 3 + 

Col. 5- 


Cost 

Maintenance 

Cost 


Col. 4 

Col. 1 

1 

1000 

1000 

4000 

5000 

5000 

2 

1300 

2300 

6000 

8300 

4150 

3 

1700 

4000 

6800 

10,800 

3600 

4 

2200 

6200 

7400 

13,600 

3400 

5 

2900 

9100 

7500 

16,600 

**3320 

6 

3800 

12.900 

7600 

20,500 

3417 

7 

4800 

17,700 

7600 

25,300 

3614 

8 

6000 

23,700 

7600 

31,300 

3913 


Scanning col. 6, 5 years is the optimal replacement period. 


Example 4 

A fleet owner finds from his past records that the costs per year of running 
a truck whose purchase price is Rs. 6,000 are as given below ; 



Year 

1 2 

3 4 

5 

6 

7 


Running cost 







(in rupees) 

1000 1200 

1400 1800 

2300 

2800 

3400 


Resale Value 







* (in rupees) 

3000 1500 

750 375 

200 

200 

200 


Determine at what age replacement is due. 




Solution *. Table 1. 






1 

2 

3 

4 

5 


6 

Year 

Maintnance 

Cumulative 

C-S 

Col. 3+ 


Col. 5-^ 


Cost 

Maintenance 


Col. 4 


Col. 1 



Cost 





1 

1000 

1000 

3000 

4000 


4000 

2 

1200 

2200 

4500 

6700 


3350 

3 

1400 

3600 

5250 

8850 


2950 

4 

1800 

5400 

5625 

11025 


2756 

5 

2300 

7700 

5800 

13500 


2700 

6 

2800 

10500 

5800 

16300 


2717 

7 

3400 

, 13900 

5800 

19700 


2814 


Hence 5 years is the optimal replacement interval. 
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Example 5 

The truck owner of example 4 has three tracks, two of which are two years 
old and the third one year old. He is considering a new type of truck with 50% 
more capacity than one of the old ones at a unit price of Rs. 8000. He estimates 
that the running costs and resale price for the new truck will be as follows : 

Year I 2 3 4 5 6 7 8 

Running Costs 1200 1500 1800 2400 3100 4000 5000 6100 

Resale price 4000 2000 1000 500 300 300 300 300 

Assuming that the loss of flexibility due to fewer trucks of no importance, 
and that he will continue to have sufficient work for three of the old trucks, what 
should his policy be ? 

Table 2 Costs of owning & running the new truck. 


Replacement at 

Running 

Cumulative 

Total 

Total 

Average Cost 

the end of year 

Cost 

Running 

Costs 

Capital 

Costs 

Costs 

Per year 

1 

1200 

1200 

4000 

5200 

5200 

2 

1500 

2700 

6000 

8700 

4350 

3 

1800 

4500 

7000 

11500 

3833 

4 

2400 

6900 

7500 

14400 

3600 

5 

3100 

10000 

7700 

17700 

3540 

6 

4000 

14000 

7700 

21700 

3617 


Hence 5 years is the optimal replacement interval. 


Now, for 3 old trucks 2 new trucks are required. The average cost/year of 
old trucks IS 3 x2700=Rs, 1.8100. And the average cost/year of 2 new trucks= 
2 X 3540=7080, Hence it is to be desired to replace the 3 old trucks with 2 new 


trucks 

But when ? 




Yearly Costs for the old Truck 


Year 

Running 

Capital 

Yearly Costs 


Costs 

Expenditure 


1. 

1000 

6000—3000= 3000 

4000 

2, 

1200 

3000-1500=1500 

2700 

3. 

1400 

1500- 750= 750 

2150 

4. 

1800 

750- 375= 375 

2175 

5. 

2300 

375- 200= 175 

2475 

6. 

2800 

200- 200= 0 

2800 

7. 

3400 

200- 200= 0 

3400 


Hence the total costs next year for two old trucks aged two years and oi 
smaller truck aged one year will be 2150 x 2+ 2700=7,000. 


In the subsequent years the costs will be Rs. 6,500 Rs, 7125, Rs. 8075 f 
years 2, 3 and 4. 
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The average annual cost for two larger trucks will be Rs. 7080 so that the 
cost for the old trucks are less than the new ones until the third year hence. '1 hus 
all the 3 old trucks should be replaced two years from now. 

Exercise • The following table gives the running costs per year and resale 
prices of a certain equipment whose purchase price is Rs 5,000. 


Year 

Running costs 

1 

2 

3 

4 

5 

6 

7 

8 

(in rupees) 

Resale Value 

1500 

1600 

1800 

2100 

2500 

2900 

3400 

4000 

(in rupees) 

3500 

2500 

1700 

1200 

800 

500 

500 

500 


At what year is the replacement due. 

Example 6 

(a) Machine X costs Rs. 9,000. Annual operating cost is Rs. 200 for the 
first year, and then increases by Rs. 2,000 every year i.e., in the fourth year operat- 
ing costs become Rs. 6200 Determine the best age at which to replace the machine. 
If the optimum replacement policy is followed, what will be the average yearly cost 
owning and operating the machine ? Assume that the machine has has no resale 
value when replaced, and the future costs are not discounted. 

(b) Machine Y costs Rs. 10,000. Annual operating cost is Rs. 400 for the 
first year and then increases by Rs. 800 every year. You have now a machine of 
type X which is one year old. Should you replace it with Y, and, if so, when ? 

Sulution (a) 


1 

2 

3 

4 

5 

6 

Year 

Operating 

Cost 

Cura- 

Operating 

Cost 

C-S 

Col. 3+Col. 4 

Col. 5 -Col. 1 

1 

200 

200 

9000 

9200 

9200 

2 

2200 

2400 

9000 

11400 

5700 

• 3 

4200 

6600 

9000 

15600 

♦5200 

4 

< 200 

12800 

9000 

21800 

5450 

Average yearly cost of owning and operating X= 

Rs. 5200. 


1 

2 

3 

4 

5 

6 

Year 

Operating 

Cost 

Cum- 

Operating 

Cost 

C-S 

Col. 3-f Col. 4 

Col. 5-^Col. 1 

1 

400 

400 

10,000 

10,400 

10,400 

2 

1200 

1600 

10,000 

11,600 

5,800 

3 

2000 

3600 

10,000 

13,600 

4,533 

4 

2800 

6400 

10,000 

16,400 

4,100 

5 

3600 

lOOOO 

10,000 

20,000 

4,000 

6 

A 

4400 

Average cost= 

14400 

Rs. 4000. 

10,000 

24,400 

4,066 
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Since the lowest average coat of Y is lower than that of X, X, should be 
replaced by Y. 

Y should be purchased when the cost for next year of running X exceeds 
the average yearly cost for Y. From the first table, under col. 2 we observe that 
4200 (against year 3) just exceeds 4,000, lowest average cost of Y. Year 3 is then 
the tune for replacement. Since X is already one year old it should be used for 
another year to come and then replaced. 

Example 7 

A manual stamper currently valued at Rs 1,000 is expected to last 2 years 
and cost Rs 4,000 per year to operate. An automatic stamper which can be pur- 
chased for Rs 3,000 will last 4 years and can be operated at an annual cost of 
Rs 3,000 It money carries the rate of interest 10% per annum, determine which 
stamper should be purchased 

Solution * 

The total discounted cost (purchased worth) of the manual stamper for two years is 


computed below 




Year 

Cost 

Disc 

Factor 

Col. 2xCol. 3 

1 

1,000 + 4,000 = 5,000 

1 0000 

5,000 

2 

4,000 

0 9091 

3,636 




8,636 


Total discount cost of the automatic stamper for 4 years is computed below: 


Year 

Cost 

Disc. 

Factor 

Col. 2 X Col. 3 

1 

6000 

1.0000 

6000 

2 

3000 

0.9091 

2111 

3 

3000 

0.8264 

2479 

4 

3C00 

0.7513 

2253 

13459 


Av. cost for 2 years=6729. 

This shows that the apparent advantage is with the automatic stamper. But 
the comparison is unfair since the periods for which the costs arc considered are 
different. So, if we consider 4 years period for the manual stamper also, then its 
total discount cost will be. 
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Year 

Cost 

Discount 

Factor 

Col. 2xCol, 

1 

S 00 

1.0000 

5000 

2 

4000 

0.9091 

3636 

3 

S 0(0 

0.8264 

4132 

4 

4000 

0.7513 

3005 

15773 


This proves conclusively that the automatic stamper should be installed. 

[Note : Example 7 was a special case when the replacement period of one 
machine was exactly double that of the other. In general, this may not be so. For 
example, machine X may be replaced after every 13 years and Y every 17 years. To 
compare X and Y, then we should consider 13x17=221 years. However, it is 
easier.to consider infinite years instead for each machine. This matter will be taken 
up after the next example.] 

Optimal Replacement Period in case of money value 

Consider a series of time periods 1, 2, 3.. of equal length, and let the costs 
incurred in these periods be M], Mg. Mg, M 4 . . respectively. It is assumed that 

these costs are increasing monotonously. Assume that each cost is > paid at the 

beginning of the period in which it is incurred, that initial cost of the equipment is 

C, and the cost of money 100 r% per period ^ so that V= Then the dis- 

counted value Kn of all future costs associated with a policy of replacing equipment 
after each n period is given by 

Kn=(C-f-Mi4-VM,-l-V«Ms-|- V”->M»)+ 

{V"(C-FMi)-1-V"+iM,-1-V»’<»M3-|-... + V»"-3M„)-|- .. 

n n 

=(c + J J V'-iMi )-f- 

1=1 /=1 

n 

V*" (c 2 V<->Mi ) + ... 

1=1 

n 

=»(c + 2] V'-JMi] ( 1-FV»+V»"-}-... ) 

1=1 

The second expression is an infinite G.P. Thus 
n 

C-f-J V<-1M| 

/=1 


K,= 


1-V9 
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K. is the amount of money required now to pay all the future costs of acquiring 
and operating the equipment when it is renewed every n years. It is not suggested 
that any company would actually set up a fund of this size. However, if Kn is less 
than Krcfl then replacing the equipment each n years is preferable to replacing 
each (n+ I ) years Without giving the proof we shall state the following double 
inequality which holds good at n, the optimal replacement interval 

(C+Mi)+M,V+M8V*+...+M»V"-i J 

1— V" 

< J_y' Mn+1 

Example 8 below is introduced to explain the use of this inequality for find- 

V»~i 

ing the optimal replacement interval. It is to be noted that — j = i-|-VH-V*q-...+ 

n 

Cl 

V" =-= Vi Therefore, we don’t have to compute ^ directly but we simply 


accumulate the discount factors. 

Example 8 

A manufacturer is offered two machines A and B. K is priced at Rs. 5,000, 
and running costs are estimated at Rs. 800 for each of the first five years, increasing 
by Rs. 200 per year in the 6th and subsequent years. Machine B, which has the 
same capacity as A, costs Rs 2,500 but will have running costs of Rs. 1,200 per 
year for six years increasing by Rs. 200 per year thereafter. If money is worth 10% 
per year, which machine should be purchased ? (Assume that machines will even- 
tually be sold for scrap at negligible price). 


Solution : 

1 

2 

Replacement Costs for Machine A 

3 4 5 6 

7 

8 

Year 

Running 

yo-i 


2 Col. 4 

Total 

<<. 

1 1 

Col 9 X Col 7 

1 

Costs 

Rs. 

800 

1.0000 

Col. 2xCol. 

800 

3 Rs. 

800 

Costs 

Rs. 

5800 

*1.0000 

as per* 
Rs. 

*800 

2 

♦800 

0.9091 

727 

1527 

6527 

1.9091 

1328 

3 

800 

0.8264 

661 

2188 

7188 

2.7355 

2189 

4 

800 

0.7513 

601 

2789 

7789 

3.4868 

2790 

5 

800 

0.6830 

546 

3335 

8335 

4.1698 

4170 

6 

1000 

0 6209 

621 

3956 

8956 

4.7907 

5749 

7 

1200 

0.5645 

677 

4633 

9633 

5.3552 

7497 

8 

1400 

0.5132 

718 

5351 

10351 

5.8684 

9390 

9 

1600 

0.4665 

746 

6097-> 

11097 

6.3349 

11403 


*CoI 8 is not obtained by simply multiplying Cob 2 with Col. 7. Second figure of Col. 2 is 
multiplied by the 1st figure of Col. 7 to yield 1st figure of Col 8. Then, 3rd figure of Col. 2 is 
multiplied with 2nd figure Col 7 to give 2nd figure of Col 8 ; and so on. 
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Thus, this machine is best replaced every nine years (since Col. 8 < Col. 6 against 
year 9) 


Replacement Costs for Machine B 


1 

2 

3 

4 

5 

6 

7 

8 

Year 

Running 

V"-i Col. 2xCol. 3 2 Col. 4 

Total 

V-1 

V-1 

•Col. 1 X 


Costs 




Costs 


col. 7 


Rs. 



Rs. 

Rs. 


Rs. 

1 

1200 

1.000 

1200 

1200 

3700 

1.0000 

1200 

2 

1200 

0 9091 

1090.5 

2290.5 

4790.5 

1.9091 

2291 

3 

1200 

0 8264 

991.5 

3282 

5782 

2.7355 

3283 

4 

1200 

0.7513 

901 5 

4183.5 

6683.5 

3.4868 

4184 

5 

1200 

0.6830 

819 0 

5002 5 

7502.5 

4.1698 

5004 

6 

1200 

0 6209 

745 1 

5747.6 

8247.6 

4.7907 

6707 

7 

1400 

0 5645 

790 3 

6523 9 

9037.9 

5.3552 

8568 

8 

1600 

0.5132 

821.1 

7345.0 

9859 0 

5.8684 

10563 


Thus machine B is best replaced after 8 years. 

Now let us ascertain which machine is better. Towards this we shall make 
use their Kn’s 


Machine A : K, = 


Machine B : Kb = 


9 

C 4- 2 V<-JM« 

1=1 

1-V» 

11097 1 1097/(1 -V) 

“ 1-V« ~(1-V»)/(1-V) 

11097 

~ 6.3349(1 -V) 

= 1751/(1 -V) 

8 

C + 2 
i=l 
1-V* 


9859 

“ 5.8684 (1-V) 


= 1680/(1 -V) 


Since 


1680 

1-V 


< 


1751 

1-V 


machine B is more economical. 



44 


Exercise A maauracturer is offered two machines A and B. A is priced 
at Rs. 5,000, and running costs are estimated at Rs. 800 for each of the first five 
years, increasing by Rs. 200 per year lo the 6tb and subsequent years. Machine B 
which has the same capacity as A, costs Rs. 2S00 but will have running costs of 
Ks 1200 per year of six years, increasing by Rs. 200 per year thereafter. 

if money is worth 10% per year, derive separately the optimal replacement 
periods for the two machines 

Group replacement (for items that fail suddenly) 

Group replacement policy can be carried out at fixed intervals for such items 
that fail suddenly {viz) light bulos Under this policy (i) at the end of the every 
period (viz a fortnight) all the bulbs are replaced whether or not they failed (ii) in- 
dividual bulbs are replaced as and when they fail during this period Usually this 
policy IS superior to the straightforward one under which individual bulbs are re- 
placed as and when they fail without any periodic group replacement whatever. The 
problem then boils down to comparing (i) the group replacement which also includes 
replacement of individual bulbs as and when they fail at periodic intervals This 
would require determination of the optimal replacement period and (ii) the straight- 
forward policy of replacing individual bulbs as and when they fail. The following 
numerical example should clarify the underlying concepts : — 

Example 9 

The following failure rates have been observed for a certain type of light 
bulbs in an installation with, 1,000 bulbs. 

End of week 1 2 3 4 5 6 7 8 

Probability of failure to date 0 05 0 13 0 25 0.43 0 68 0 88 0.96 1.00 

The cost of replacing an individual bulb is Rs. 2 25, the decis on is made to 
replace all bulbs simultaneously at fixed intervals, and also to replace individual 
bulb as they fail in service. If the cost of group replacement is 60 paisa per bulb 
what IS the best interval between replacement ? Also prove that this optimal policy 
is superior to the straightforward policy of replacing each bulb only when it fails. 

Solution : 

Let us designate the probability of a new bulb failing in its nth week of life 
by pn. Thus we derive the following values of pi, pt . (which are the proba- 
bilities of a new bulb failing in its first, second. ..eight week of life). 


p,= 0 05 

p,=0 13-0 05 =0 08 

Ps=0.25-0 13 =0.12 

P4=0.43-0.25 =0 18 

p*=0.68-0 43 =0 25 

P 8 = 0 . 88 - 0.68 = 0.20 

p,=0 96-0 88 =0 08 

P8= 1.00 -0.96 =0 04 


1.00 
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Let N/ be the number of replacements made at the end of the /— th week. 


No =1,000 

Ni=NoXpi= 1,000 x 0.05 =50 

N*=Nop*+ Nipi = 1 ,000 X 0 08 + 50 X 0.05 =82 5 

N3=NoP3+NiP,+N»pi = 1000x0.12+50x0 08+82.5X 05 =128 

N4=NoP4 + NiPs+N*p»+N8Pi 

= 1,000X0.18+50X0 12+82.5x0.08 + 118x0 05 =199 

N5=NoP 6 X Nipi + N jPs + Nsps + N,ai 


= 1,000x0 25+50x0.18 + 82.5x0.12+128x0 08+199x0 05 =290 
Ne =N oPg + Nip 6 "I" NjPi + N8P8+ N 4 P 2 + Nspi 
= 1,000x0 20+50x0 25 + 82 5x0 18+128x0 12+199x0.08 

+290x0 05=273 

N7 = NoP7 + NiP6 + N2P5 + N3P4+N4P3+N5Pj+NbPi 

=1,000X0.08+50X0.20+82.5X0 25+128X0.18 + 199X0.12 

+ 290X0 08+273X0 05 =194 4 

N8=NoP8+N]P7 + Njpa + NapG -1-N4P4 +NdP3+NcP2+ 

N7P1== 

1,000x0 04+50x0 08 + 82 5X0 20 + 128X0 25 + 

199X0 18 1-290x0 12+273x0 08+194 4x0 05 =198 

Since the replacement of all the bulbs simultaneously costs 60 paise per bulb 
and replacement of an individual bulb on failure costs Rs 2.25, cost of replacement 
at the end of the 1st week is given by 

1,000x0.60 + 50x2 25=Rs. 712 5 ; Average cost=Rs. 712 5. 

Similarly cost of replacement at the end of the 2nd week 

1,000 X 0 60 + 50 X 2 25 + 82 5 X 2 25= Rs. 898 1 2 ; hence, average cost 
=Rs. 449 

Cost of replacement at the end of the 3rd week 

= 1,000x0 60+50x2 25 + 82 5X2 25+128x2.25 
= 1186 12 

Average cost = Rs 395 4 (NOTE) 

I 

Cost of replacement at the end of the 4th week 

= 1,000X0 60+50X2 25 + 82 5x2 25+128x2.25 
+ 199x2 25 = 1633.87 

Average cost = Rs 408 5 

Thus the optimal group replacement interval is 3 weeks 

Now let us prove that the 3 week interval under the group replacement 
policy IS superior to the straightforward policy of replacing individual bulbs only 
when they fail. 
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Mean age of a bulb = lpi+2p,+3fB-h 4pt + . 4-8^* 
0 05x1=0.05 
0,08x2=0 16 
0.12x3=0 36 
0 18X4=0 72 
025X5=1.25 
0 20X6=1.20 
0 08x7=0 56 
0 04x8=0 .32 

4 62 


Av Number of failures in a week = 

4 62 
=216. 

Cost of replacing the bulbs only upon failure 
= 216x2 25 

-Rs. 486 which IS more than Rs 395.4. the weekly three group 

replacement policy costs, 

Exercise " Following mortality rates have been observed for a certain type 
of light bulbs. 

Week 12345 

% failing by end of week 10 25 50 80 100 

There are 1,000 bulbs m use and its costs Rs 2 to replace an individual bulb 
which has burnt out If all bulbs were replaced simultaneously it would cost 50 
paise per bulb It is proposed to replace all bulbs at fixed interval whether or not 
they have burnt out, and to continue replacing burnt out bulbs as they fail At 
what group replacement price per bulb would a policy of strictly individual replace- 
ment become preferable to the adopted policy ? 

S taff Replacement Problems 

Example 10. A researcher team is planned to rise to a strength of 50 
chemists and then to remain at that level. The wastage of recruit is depends on their 
length of service and is as follows : 

Year 123456789 10 

Total % who 
have left upto 
the end of the 

period 5 36 56 63 68 73 79 87 97 100 

(а) What is the recruitment per year necessary to maintain this strength 7 

(б) There are eight senior posts for which length of the service is the main criteria. 
What IS the average length of service at which a new entrant can expect to be 
promoted to one of these posts ? 
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Solation. Let us assume that the intake per year is 100. 


Year 

J% who left by the 
lend of this year 

f % who remain 
by the end of 
t this year 


1 

2 

3 

4 

5 

5 

36 

56 

63 

68 

95 

64 

44 

37 

32 


6 

7 

8 

9 

10 

73 

79 

87 

97 

100 

27 

21 

13 

3 

0 


Thus the 100 who join in the 1st year will become zero at 10th year, 

and the 100 who join in the 2nd year (will serve for 9 years) and become 3 at 

the end of the 10th year : 

and the 100 who join in the 3rd year (will serve for 8 years) and become 

13 at the end of the 10th year ; 

and so on. 


Thus if we recruit 100 chemists every year we would be left with 

0+3+13+21+27+32+37+44+64+95+100=436 when equilibrium is 
reached. 


Thus an intake of 100 per year gives a total strength of 436 To maintain a strength 
of 50 requires intake of 50 X ^™=11.5 per year (Roughly 12 as taken in part b) 

Whe have assumed that all those who completed x years service but left be- 
fore (x + 1 ) years service actually left immediately before completing x+1 yeais If 
wo assume that they left immediately after completing x years service the total be- 
comes 336 and the required intake is 50 x -jrr =14.9 


In practice, however, the chemists may leave at any time in the year and 
1 1 5+ 14 9 

r «<13 IS a reasonable answer. 

2 

With 50 chemists in the team the distribution of the completed length of ser- 
vice of the chemists willl be : 

Year Number of chemists 


0 

1 

2 

3 

4 

5 

6 

7 

8 
9 
10 


12 

11 = 12X95% 
7=12x64% 
5 and so on 
4 
4 
3 
2 
2 
0 
0 


Thus chemists can expect to be promoted to the senior posts after completing 5 and 
before completing 5 years of the service 

Example 11. 

A colliery recruits boys at 16 and trains them for face work immediately. At 
16J they do 3/4 stint and at 18 they do a full stint. Assuming the following proba- 
bilities of leaving the colliery and no recruitment from other collieries, what rate 
of recruitment for face training is necessary to keep a face manpower domg 100 
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stints ? Assume that those who leave do so at 16^ or at the who years. (A stint is 
a unit of area to be faced). 



Ages 

Probability of leaving 


16— 16J 

0.10 


16J-17 

0 05 


17—18 

0.10 


18—19 

0 01 


19—20 

0 01 


20-25 

0.05 (i.e. 0 01 per year) 


25—30 

0 05 


30—35 

0.05 


35-40 

0.05 


40—45 

0.10 


45—50 

0 20 


50—55 

0.2C 


55-60 

0 03 

Solution. 

Let us suppose that the intake of trainees is 100 per half year 

When the 

system is m equilibrium, the colliery age — distribution will be 

lows : 



Age 

Number Employed 

Stint Worked 

16— 16i 

100 

Nil 

16i-17 

90'! =100-10 

260x2 = 195 

17-18 

170J =2(100-10-5); V 2 half years 

18—19 

150=2(100-10-5-10) 

150 

19-20'! 

Probability of leaving=0.oryear 


to >- 

If 100 join m 1 year, number 


35-40 J 

leaving each year=200x0.01=2 



.’. At age 19 we have 150-2=: 

148 recruitments 


At age 20 we have 148—2= 

146 


upto 40th year (22 terms 

S=148+146+. ...(22 terms) 

IS an A. P the sum of which is gisen 

by the formula ^ (a+O 

=-^^[2xl48+(22-l)(-2)] 

40—45 Prob of leaving=0 10/5=0 02/year 

No. leaving each year= 200 x 0.02=4 
102+98+944-90+86= 

45—55 Pro. of leaving=0 20 

No leaving each year =8 

78+70+62+ +6= 

55 — 60 Prob. of leaving=0.03/year. 

No leaving each ycar=200X ^^^=1.2 
4.8 + 3.6+2.4+1.2= 


2794 

470 

420 

12 


4041 
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Therefore, to keep 100 strinte going we need an intake of 100 x 47 

per half year. Or, say, 6 recruits per year. 

Example 12. An airlines requires 200 assistant hostesses, 300 hostesses and 
50 supervisors. Girls are requirted at age 21, if still in service retire at age 60. 
Given the following life table, determine. 


(i) How many girls be recruited each year ? 

(li) At what age should promotions take place ? 

Life Table 


Age 

21 

22 

23 

24 

25 

26 

27 

28 

No. in service 

1000 

600 

480 

384 

307 

261 

228 

206 

Age 

29 

30 

31 

32 

33 

34 

35 

36 

No. in service 

190 

181 

173 

167 

161 

155 

150 

146 

Age 

37 

38 

39 

40 

41 

42 

43 

44 

No. in service 

141 

136 

131 

125 

119 

113 

106 

99 

Age 

45 

46 

47 

48 

49 

50 

51 

52 

No of service 

93 

87 

80 

73 

66 

59 

53 

46 

Age 

53 

54 

55 

56 

57 

58 

59 


No in service 

38 

33 

27 

22 

18 

14 

11 



Solution The total number of girls requirted at age 21 and those serving 
upto the age of 59 will be equal to 6480. We required 200+300+50—550 girls in 
the airline 


The recruitment every year IS 1,000 when total number of girls are 6480 
after 59 years Therefore, in order to maintain a strength of 550, hostesses we 


should recruit 550 x 4?o^ ”“85 each year 
04oU 


If we plan to promote the assistant hostesses at the age x, then upto age x — 1 
we need 200 assistant hostesses Amongst 550. there are 200 assistant hostesses. 
Therefore, out of a strength of 1,000 there will be 

200 X -^^-=364 assistant hostesses. 


- From the given life table this number is available upto the age of 24 years. 
Hence the promotion of assistant hostesses will be due in the 25th year. 

Also, out of 550 recruitments, we need only 300 hostesfcs. 

Therefore, if we recruit 1,000 then we shall require. 


l,000x 


300 

550 


= 545 hostesses. 


Hence the number of hostesses and assistant hostesses in a recruitment of 
1,000 will be 364+545=909. 

We thus need 1 000 909=91 supervisors, whereas at the age of 46 only 87 
will survive. Hence promotion of hostesses to supervisors will be due 46th year. 

Simalation 

Simulation refers, in business situations, to perform experiments on a model 
of a real life system (usuftjly using a computer) with random numbers (and as such 
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It is synonymous with Monte-Carlo methods) or occasionally without the use of 
random numbers. Such experiments may be undertaken before the real system is 
operational so as to aid in its design, or to see how the system might react to 
change in its operating rules, or to evaluate the system’s response to changes in its 
structure Simulation is particularly appropriate where (i) manipulations on a real 
system are either cumbersome or impossible (viz. the RBI wanting to know the 
effects of the change of the bank rate), or (ii) the real system is either not possible 
to be mathematically modelled or the mathematical model, if built at all, is not 
possible to solve analytically. In view of the enormous computations involved 
the computer is usually a necessary adjunct though below we shall deal with quite 
a few simple simulation problems towards its expostion. 

Example 1. (on finding the value of n experimentally by simulation) , 

In the figure below i.s shown the arc of a circle of a unit radius in the first 
quadrant. Also shown is a square OABC of side of one unit. 



The equation of the circle is given by x* Two* random numbers, each 

less than unity (viz , x=0 1906 and y=0 3698) are picked up and the point P 
corresponding to these is shown plotted. Obviously, if P is inside or on 

the circle but if x* 1, P is beyond the circle but within the square 

In this manner, hundreds or thousands of pairs of random numbers arc 
picked up and it is ascertained if the points corresponding to them fall in/on the 
arc or beyond the square suppose that n out of a total of N points fall m/on 
the arc. 


Now the area enclosed by the arc= 


l*=-^and the area enclosed by the 


square=l*=l. 


n/4 n 


or n 


4n 

"N 


The experimental value of n is thus obtained Obviously larger the sample 
size, N closer we shall be to the true value of it 

This way, the Monte Carlo methods can be applied to solve complex and 
stochastic/deterministic queuing, inventory control, production scheduling, etc pro- 


♦See the Appendix on an eXcerpt of random nos. at the end of the study How to use it is 
explained by an example below it. However, the pps, we are using have been taken from other 
excerpt. 
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blcms. The inetbods hsve since recently been slso applied in moon landing and 
studying galactic collisions, atomic behaviour and in military. 

Example 2 Three points arc chosen at random on the circumference of a 
circle. Estimate the probability by the Mo'.te Carlo methods that they lie on the 
same semi-circle 

Solution : The table random numbers (with a decimal on the left) lie between 

0 and 1. (See the Appendix). Consider the circle of radius Its circumference is 

2n 

2n 

Consider, three triplets of random numbers plotted along the circumference 
of the aforesaid circle shown in fig. 1 to 3. 


A 

B 

C 


.25 

.12 

.08 

1st triplet 

D 

E 

F 


50 

69 

.53 

2nd triplet 

G 

H 

T 

03 

.67 

97 

3rd triplet 


The three triplets are shown plotted in the three circles below ; the distance of a 
point from O along the circumference anticlockwise being the value of a random 
number. In each of the first two tripites the distance between the maxima and the 
minima (0.25 —0 08 and 0 69 -0.50) is less than 0 50 Thus each of these two triplets 
obviouly lies on a semicircle In the third triplet, this difference is (0 97—0 03) 
which IS more than 0 50, yet they lie on the same semicircle In this triplet, the 
distance between 0.67 and 0 03 (0.97 being in between these) is 1 —0 67 -f-0 03= 1 03 
—0 67 <0.50 and therefore, this triplet, too, lies on a semicircle. 

Hence, the rule for ascertaining if a triplet of random numbers lies on a 
semicircle is given by 

“(i) Find the difference between the maxima and the minima If this 
difference is ^0.50 the triplet is on a serai-circlc and 


A=0.25 
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( 11 ) ifthis difference is >0.50 add unit to those random numbers m the 
triplet which is/are less that 0.50. Now find the difference between the maxima and 
minima. If the new difference <0.50 the triplet lies on a semi-circle, otherwise 

not.” 
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By this rule, it is ascertained for each of the following 17 triplets if it lies on 
a semi-circle or not. Each triplet represents three random number picked up from 
the random number tables. In this s/ indicates that the triplet is on a semi-circle 
and X indicates the reverse. 


.56 

83 

.55 

Difierence between 
minima and maxima 

0 83-0.55=0.28v" 

Add to nos.> 
0.50 

.47 

.84 

.08 

0.84-0.08=0.76 

1 08-0.47=0.61 X 

.36 

.05 

26 

0.36-0 05=0 31 


.42 

95 

.9j 

0 95-0.42=0.53 

1 42-0.95=0.47\/ 

.66 

17 

.03 

0.66-0 03=0 63 

1.17-0.66=0.51 X 

21 

.57 

.31 

0.57-0.21 =0.36v' 


.69 

90 

33 

0.90-0.33=0.57 

1.33-0.69=0.64^/ 

.15 

.64 

.23 

0.64-0.55=0. 49V' 

.92 

.52 

.74 

0.92-0.52=0.40V 


.04 

.86 

.41 

0.86 - 0.04=0.82 

1.41-0.86=0.55 X 

06 

.39 

89 

0.89—0.06=0.83 

1.39-0.89=0.50^ 

61 

.99 

.95 

0.99 -0.61 =0.38\/ 

.35 

.57 

.86 

0.96-0.35=0.61 

1.35-0.57=0.78 X 

.52 

60 

.02 

0.60 -0.02=0.58 

1.02 -0.50=0.52 X 

.33 

.79 

.79 

0.79 - 0 33 =0.46v/ 


30 

.36 

.58 

0 58-0.30=0.28v/ 


.43 

65 

.63 

0 65-0.43=0 22V 


Out of 17 triplets 11 lie on 

a semi-circle. Thus the 

required probability™ 

11/17=0 7 (which IS 

close to the theoretical value of 0.75). 



Exercise— Draw the computer program flowchart for this problem. 


Example 2. Nine villages in a certain administrative area contain 720, 130, 


150. 240, 960, 

100, 52, 35, 532 fields respectively. Make 

a random selection of six 

fields using the random number tables. 


Solation : 




1 

2 

3 

4 

Village No. 

No. of Villages 

Cumulative No, 

Random nos. fitted 



of Villages 

against the village as 




per column 3. 

1 

720 

720 

0091, 0684 

2 

130 

850 

0839, 0814 

3 

150 

1000 


4 

240 

1240 


5 

960 

2700 


6 

100 

2300 


7 

§52 

2352 


8 

36 

2388 

2377 

9 

532 

2920 

2471. 

The first random no. picked up from the random no. tables is 2377. Since 

it is immediately <2388 in Col. 3 ; it is fitted against village 8 in col. 4. The next 

random no, 5997 is ^2920 in Col. 4 

; therefore, it is dropped. In this manner, the 
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following random nos. area either fitted in Col. 4 or dropped ; 8269 (Deadrop), 
8385 (D), 6198 (D), 0091 (Fl)=fitted against village no. in col. 4) 4829 (D), 3322 
(D). 0684 (FI). 3267 (D). 8209 (D). 5166 (D). 0839 (F2), 0814 (F2), 7409(D), 
247l(F9) We stop here because 6 fields have been selected, two each from village 
nos 1 and 2 and each from village nos. 8 and 9. 


Example 4 Ramu and Raju are workers on a two-station assembly line. 
The distribution of activity times at their stations is as follows — 


Time in 

Time frequency 

Time frequency 

sec. 

for Ramu 

for Raju 

10 

4 

4 

20 

6 

5 

30 

10 

6 

40 

20 

7 

50 

40 

10 

60 

11 

8 

70 

5 

6 

80 

4 

4 


(a) Simulate operation of the line for eight items. Use the random numbers 
given below : 


Operation 1 
14 61 

01 82 

96 00 

44 03 


Operation 2 
36 97 

76 41 

55 13 

25 34 


(b) Assuming Raju must wait unil Ramu completes the first item before 
starting work, will he have to wait to process any of the other eight items'^ Explain 
your answer, based upon your simulation. 

Solution : Cumulative frequency distribution for Ramu is derived below. 
Also fitted against it are the eight given random numbers In parentheses are 
shown the serial numbers of random numbers. 


10 

4 

01(2). 

00(7), 

20 

10 



30 

20 

14(1) 


40 

40 



50 

80 

44(4) 

61(5). 

60 

91 

82(6) 


70 

96 

95(3) 


80 

100 




Thus the eight times are : 30, 10, 70, 50, 50, 60, 10 and 10 respectively. 
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Likewise the eight times for Raju are derived from his cumulative distribu- 
tion below . 


1 

2 

3 

4 


Frequency 

Cumulative 

2 xcol. 3 

10 

4 

4 

8 

20 

5 

9 

18 13(7) 

30 

6 

15 

30 25(4) 

40 

7 

22 

44 36(1), 41(6), 34(8) 

50 

10 

32 

64 55(3) 

60 

8 

40 

80 76(2) 

70 

6 

46 

92 

80 

4 

50 

100 97(5) 

(Note that cumulative frequency has been multiplied by 
the given random numbers are utilised). 

2 in Col. 4 in order that all 

Thus Raju’s times, are ; 40, 60, 50, 

, 30 80, 40, 20 and 40 seconds respectively. 

Ramu’s and Raju’s times are displayed below to observe for waiting time, if 
any 

1 

2 

3 

4 

Ramu 

Cum. time 

Raju 

Raju’s cumulative time with 
initial 30 seconds included 

30 

30 

40 

70 

10 

40 

60 

130 

70 

110 

50 

180 

50 

160 

30 

210 

50 

290 

80 

290 

60 

270 

40 

330 

10 

280 

20 

350 

10 

290 

40 

390 


Since col 4 is consistently greater than col. 2 no subsequent waiting is 
involved. 


Example 5. 

A bakery chain delivers fresh cakes to one of its retail stores each day. The 
number of cakes delivered each day is not constant but has the following distribu- 
tion : — 


Cakes delivered per day Probability 

10 0.05 

11 0 10 

12 0 15 

13 0 35 

14 0.20 

15 0 10 

16, 0.05 
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The number of constomers desiring cakes each day has the distribution ; 

No. of customers Probability 


5 

6 

7 

8 

9 

10 


0.10 
0.15 
0 20 
0.40 
0.10 
0.05 


Finally, the probability that a customer m need 
takes described by 

Cakes to a customer 


of cakes wants 1 , 2 or 
Probability 


1 

2 

3 


0.40 
0.40 
0 20 


3 


Estimate by Monte Carlo methods the average number of cakes left over per day 
and the average number of sales lost per day owing to lacke of cakes. Assume that 
left over cakes are given away at the end of each day. 


Solution 


The first cumulative probability distribution is derived below. 
Cumulative probability distribution of cakes delivered per day 


Cakes per day 

Cumulative 

Ten random 


probability 

nos fitted in 

10 

0 05 

.0153 (9) 

11 

0 15 

.1342 (6) 

12 

0 30 

2291 (4) 

13 

0 65 

.5878 (2), .4391 (5), 5210 (7), .3411(8) 

14 

0 85 

8136 (1), .7923 (10). 

15 

0 95 


16 

1.00 

.9655 (3) 

Thus the cakes delivered in each of the 10 days are ; 14, 13, 16, 12, 13, 11, 
13, 13, 10, 14 

Liekcwise the no of customers per day are derived below from the cumu- 

lative probability distribution of the 2od probability distribution. 

No of customers 

Cumulative probability 

Ten random nos. fitted in 

5 

0 10 

.0906 (9) 

6 

0 25 

.2416 (4), .1934(10) 

7 

0 45 

.3501 (1), .3396 (3), .2587 (5). .3072(6) 

8 

0.85 

.5054 (2) 

9 

0 95 

.8511 (7), 8698 (8) 

10 

1 00 


\ 


Thus the number of customers for the ten days are 7, 8, 7, 6, 7, 7, 9, 9, 5, 6, 
and the total no. of the customers— 71. 
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Thus cakes delivered per day and the no. of customers per day are laid out 

below. 


Days 

l-L^ 

1 1 1 

2 2 

3 3 

No of Customers 4 3 

5 2 

6 1 

7 2 

8 

9__ 

No. of cakes wanted 

No. of cakes delivered ~ 14 


3 4 5 6 7 8 9 10 

This table has to be filled in by 
selecting no. of cakes demanded 
by each customer from the 
third cumulative distribution 
derived below In the first day 
there are seven customers. 
Thus 7 random nos have been 
fitted in the cumulative proba- 
bility distribution below. These 
m turn, have been put under 
col. 1 of this table The student 
may fill in the remaining colu- 
mns himself, as an exercise]. 


Lef t-overs 

Shortages 




Cumulative probability distribution of the no. of cakes wanted by the customers. 
7 random nos. fitted in below give the entries for the above table. 

No of Cakes Cumulative probability 


1 

0 40 

.23 (1), .00 (6) 

2 

0.80 

.49 (2), .61 (5), .48 (7) 

3 

1.00 

.82 (3), -84 (4) 


Thus the no. of cakes wanted by the 7 customers m the first day are 1, 2, 3, 
3, 2, 1, 2. These arejentered in column 1. Left-overs and shortages are also 
computed which may be done by student for the remaining columns. 

Hertz Simulation Model : Hertz developed a simulation model for the 
investment decision making for introd iction of a new product. The following 
factors were considered for finding the net present value. 

Range (Expected value 

1. Market size 100,000 — 340,000 

(250,000) 


2. 

Selling prices 

385-575 

(510) 

3. 

Market growth rate 

0-6% 

(3%) 

4. 

Eventual share of market 

3-17% 

(12%) 

5. 

Total investment required (for computing 
its cost) 

7-10 

(9.5) 

6 

Useful life of facilities 

5-15 

(10) 

7. 

Residual value 

3.5 -5.0 

(4.5) 

8. 

Operating cost 

370-545 

(418) 

9. 

Fixed costs 

250-375 

(300) 


It is obvious that these factors do have bearing on net present value. The 
discounted cash flow model would merely consider the expected value of each input 
variable (shown in bra^ckets above) Its uselessness is to be seen from a simple 
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example Suppose that each of the expected values of these variables has 60% 
chances of being true (this is because these are estimates after all) the chances of all 
of them being true is only (0 9)® i e 1 in 100 To derive home this point take the 
case of rolling two six-faced disc Expected value is 7 no doubt , but 7 is the out- 
come with only 1 in 6 chances 

1+6 

2+62+5 1+5 
3+6 3+5 3+4 2+4 1 + 6 
4+6 4+5 4+44+3 3+3 2+3 1+3 
5+6 5 + 5 5+4 5+3 5+2 4+2 3+2 2+2 1+2 
6+6 6+5 6 + 4 6+3 6+2 6+1 5+1 4+1 3 + 1 2+1 1 + 1 


(There is only a 1/6 chance or getting 7 by rolling 2 dice.) 

In business situations, by analogy, there may be 8 or 10 dices each with 100 
laces ! Hertz, therefore, considered range of each variable in determining the net 
present value, which, also, is described in a range 

Hanssman defines investment as present commitment of major resources by 
a single decision to uncertain future returns Thus the entrepreneurial risk is in- 
hersent. It is here that the executive wants more information. He knows that 
future IS future after all and the expected value, a point estimate without any 
clear specification of the risk involved is not reliable. There have been attempts 
to construct sophisticated models of discounted cash flow that can give very 
precise estimates but behind the facade of refined mathematics there lurks data 
that IS only crude There have been attempts from several other directions to give 
meaning to the point estimate but to no avail. It is suggested that estimates can 
be made realistic by empirical adjustments. In another context, for example, the 
project completion date by PERT may be Dec. 31, 1980. Someone may attempt to 
improve the estimate by extending the date of June 1981 on the ground that several 
such projects in the past had been delayed by so much time. This is liable to 
introduce serious bias Another attempt has been to make 3 estimates on the lines 


of activity durations in the PERT model. But this too does not clear the picture 
although It is a step in the right direction 

Hertz proposes that the distribution be described for each variable. This 
may be on the basis of past data and/or by subjective estimates of the executives. 
The executives need to be aided by OR experts to enable them to describe the 
distribution and its parameters. First of all, the decision maker would be asked to 
pick up a value that he believes that there is the same chance of his estimate being 
too high as there is of its being too low This furnishes the mean. For an idea of 
the variability he would be asked to select 2 points, one on each side of the mean 
and equally distant from it, such that be believed that the probability of the true 
value of mean being between these two points was exactly equal to the probability 
of not being between these two points. From this a normal distribution be may be 
derived. 

H rving derived the distribution of all the input variables, i e. mean, standard 
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deviation and shape of distribution for each variable the simulation experiment may 
be performed on the lines of the diagramatic flow chart in the figure below. 



An explanation on random number generation is in order at this stage ; 
before the student concentrates on flowchart 

Generation of Random Numbers. Simulation technique utilises random 
numbers to simulate a real-life situation But the random number tables (See 
Appendix with which the student is familiar cannot be feasibly stored in the com- 
puter memory, computer being necessary for even a moderate size simulation 
experiment They would occupy too much storage space Even on matbodological 
grounds it is objectionable to use the same set of random numbers contained m 
ordinary random number tables again and again. Therefore, several techniques of 
generating the random numbers internally by the computer have been evolved. The 
necessary formulas, as will be apparent soon, occupy relatively little space. We shall 
discuss only one of the these methods below ; 

Mid-square method of generating pseudo -random numbers : A four digit 
number is taken e g , 12 1 2. By squaring it a high-digit figure is obtained, in 

this case x*=01468944 From this figure the middle 4 digits are extracted that is 
a:i=4689. By squaring it a four-digit figure is obtained x**=21985821 from which 
jc*=9888. The process is repeated and the sequence of pseudo random numbers 
1212, 4689, 9858 ..is obtained The method does not provide an indefinite senes 
of random numbers. After a certain quantity of random numbers have been obtained 
one of the following contingencies may occur : 

(0 The series vanishes because a random number obtained is 0000. 
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in) A random number reproduces itself, e.g., jc»=7600, j«:io=7600, jfu=7600 

(»<} A loop occurs, e.g. xu=6100, jfij=2100, j;ia=4100, Xi4=8100, 

xie=6100, Xii and Xis being the same and the process would therefore 
continue in this circle. 

The random numbers generated by such formulas are known as pseudo -ran- 
dom numbers This is because they do not perfectly conform to the strictly true 
lottery process of radom numbers, and the computer will generate the identical 
sequence of digits each time it is run with the same initial values (e.g 1212 m the 
above example), constants and parameters of the formulas. Nevertheles the pseudo 
random numbers are required to pass several statistical tests before the underlying 
mathematical formula is accepted. The following are the statistical test of random- 
ness which they ought to pass. 

1 Frequency test Each digit (0 and 1 to 9) should appear in a sequence of 

N 

random numbers with an expected frequency of =rj 7 where N is the total number 

of decimal digits in these random numbers. Chi-square test may be performed to 
test the observed frequencies against the expected frequencies. 

2. Serial Relationship In a true random sequence of N decimal digits the 
expected frequency of occurrence of every possible ordered pair of digits will be 

N 

— . Chi-square test may similarly be performed here. Likewise, ordered triplets, 
quadruplets etc. can be examined, 

3. Gap test Between two occurrences of the same digit in a sequence of 
digit theoretical frequency distribution of the number of intervening digits is 
geometric. Chi-square test may be performed here again to test the observed 
frequencies against the expected frequencies 

Besides the above randomness tests the pseudo-random number should 

also *■ 

(i) be reproducible. 

(ii) be non-repeating for any desired length. 

(ill) be capable of being generated at a high speed by the electronic 
computer. 

(iv) require minimum amount of computer memory 

Conversion of Random Nnmbers. The random numbers generated by the 
aforesaid formulas conform to the uniform distribution, i.e., each number has 
equal probability of occurrence. But, in simulation experiments we would generally 
want random numbers conforming to other theoretical distributions (viz, normal, 
gama etc) or empirical distributions. The problem of conversion of uniformly dis- 
tributed random numbers to these distributions, then, arises. The student is also 
referred to the ogive conversion method explained in F.M. Study V, 
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For the empirical distributions this can be accomplished as illustrated by the 
following example. 

Class 12 3 4 56 789 10 

p< 0 273 0 037 0.195 0 009 0 124 0.058 0 062 0.151 0.047 0 044 

In each oT the memory locations 1 — 1000 of the computer, store 273 loca- 
tions with class 1, next 37 locations with class and so on. Then generate a pseudo- 
random number (vz. by the mid-square method) Extract, say last three digits 
and select appropriate class. If the extracted number is, for example, 274 2nd class 
would be selected. Selection of classes hundreds and thousands of times in this way 
would ultimately conform to the given empirical distribution, i e. each class would 
be selected with the given probability 

For theoretical distributions, there exist mathematical formula for conver- 
sion. For the normal distribution, for example, the following procedure may be 
adopted 

(i) Generate 12 random numbers. Sum them up and subtract 6 from the 
sum. Designate the result by N. 

(ii) Using the following formula, calculate x, random no. for normal 
distributions x=/i-i-oN, where and ir are respectively the mean and 
the standard deviation of the given distribution 

Reverting to the flowchart now we have distributions for the 9 input (or 
exogenous variables in the simulation terminology). Whe need a random number for 
each This is obtained by the random number generation and conversion process 
discussed above. A value of NPV is computed Again another set of 9 random 
numbers is computed Another value of NPV is computed 

Different levels of these factors are considered automatically. For example, 
in the first set very high operating cost with a low market share, etc may be used for 
computing net present value In the next set, it may be a moderate operating cost 
with a very large market size Ultimately when a very large number of sets have 
been made, say, 3000, the random values that were utilised for each input would 
conform to their distributions. The output is the NPV histogram or distribution. 

This furnishes complete information (though not perfect) about the chances 
of NPV being between 0 to 1%, 1 to 3% etc In Hertz's original model for a com- 
pany the internal rate was found to 13% as against the 25% of conventional 
discounted cash flow models. 

Imperial Chemical Industries, Calcutta, are practising basically Hertz model 
investment decisions. 

The Theory of Games (Competitive Processes) 

In fact, a part of this theory has already been discussed in study II though 
under a different caption “Statistical Decision Theory”. All the problems therein 
are games against the nature. In this chapter, we shall study games in which two 
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players or two firms and, in general, any two competitors are playing in an aggres- 
sive way. 


Let us introduce an exaraph straightway to explain the concepts of this 
theory. The example is on the “Two Finger Murra” game in which 2 players, A 
and B simultaneously show 2 or 1 fingers If the number of fingers shown by the 
two players is equal A wins and if unequal B wins The following matrix sets out 
the payoffs of A and with signs reversed they become payoffs of B 


Strategies of A 


Strategies of B 
Bi B, 

A, 1 —1 

As —1 1 


Thus each player has two strategies open to him which can be expressed in 
the equation form as below 


S, --(A,. A.) 
Sa— (Bj, Ba) 


S] and S» represent the 
sets of strategies. 


[More generally, 


Si — (Aj , As . . .An) 

Sa^vBi, Ba . Bm) 


Coming back to the two finger Murra payoff matrix above, if A adopts Ai 
and B adopts Bi, A wins 1 and B loses 1 i e , the gains of one player are the loses 
of the other Such games are known as zero sum games i c , nothing is paid in the 

kitty. 

The list of the characteristics of the games to be considered in the following 
pages IS hereunder. 

1 Each player has a finite set of strategies available to him. 

2 Each player knows not only the strategies available to him but also 
those available to his opponent 

3. A’s gains are B's losses and vice versa If one player is interested in 
maximising his gains and/or minimising his losses the other player is 
interested in maximising his gains and/or minimising his losses 

4. Each player acts rationally i e he knows the preference order of his 
moves and those of his opponent and is capable of selecting the best 
move with this knowledge 

5. The moves by both the players are made concurrently e g , A and B 
would show one/two fingers simultaneously 

It should seem that with the aforesaid restrictions we have greatly limited the 
scope of applicability of this theory to practical problems and this indeed is so- 
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Nevertheless, it can sharpen the decision-maker’s intuition. 

Let us take up an example for solution for further clarification of the con- 
cepts and terminology. 

Example 1. Solve the following game. 

B 

Bi B* 

Ai 10 -3 

A 

A, 9 2 

A cirale 15 put around the minimum element of each row. 

[ 5 , Bz 

A, 10 0 

D (?^ 

— 3 IS the minimum payoff of A’s strategy Ai and 2 is the minimum payoff 
of A’s strategy Thus the maximum strategy for A is A» 

Now squares are put around the maximums of the columns below 

^ 

Ai I0_ 0 ) 

9 

The squared elements represent the maximum losses to B for adopting Bi 
and Ba Since he would want to minimise his maximum losses Bs is the strategy for 
him 

We note that the element at the intersection of Aj and B» has both a circle 
and square around it and it is known as the saddle point or the equilibrium point 

2 is the value of the game because it represents the best payoff for both the 
player and both of them would want to play the strategies against it i c A* for A 
and Bj for B By not playing Aj, A will unnecessarily suffer a loss Likewise, by 
not playing B*, B will suffer an unnecessary loss Games with a saddle point are 
known as strictly determined games. 

The solution to a game consists of finding the appropriate strategies for the 
two players and the value of the game Not all games, however, have a saddle 
point as to be seen in the following example. 

Example 2. Solve the following game : 

B 

Bi Bs 

Ai 3 5 


A 


Ai- 4 


I 
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Solution ■ By putting circles and squares in the manner of example 1 we 
find that this game does not have a saddle point. 



B, 

82 


® ’ 



a 

0 


Thus none of the combinations . Ai Bi, Aj B,, A* Bi and A» B» is best for 
both the players. If A goes on playing Aj with a view to maximise his minimum 
gams (3 out of 3 and 1) B would go on playing Bi. Seeing this Ai would be tempted 
to play Aa since it fetches him 4 (>3) and seeing that A is now playidg A», B 
would take to Bz which indicts on B a loss of just 1. Thus it can be seen that each 
player will be going round and round trying to lure the other player in wrong 
decision To avoid being lured, therefore, each player should apply a random pro- 
cess to select his strategy on each particular play The player, first, however, will 
need to know how to alternate between the choices in order to achieve his best 
overall payoff. In other words, a relative frequency for playing each alternative 
must be determined Playing both the strategies with certain probabilities (to be 
determined) makes it what is known as a mixed game 

A : Let p stand for the' probability with which A selects Ai so that (1 -p) 
is the probability with which he selects Aj. 

Now if B selects Bi, A’s expected gains arc ; 

3/i-l-4(I-p) . (0 

If B selects Bz, A’s expected gains are : 

5p-)-(l— p) . .(ii) 

Equating (i) and (ii) 

3p-t-4(l-/7)-5/i+l (1-/^) 

so that p=3/5 and 1 — p=2/5 

Thus A should play Ai 3/5 times and A* 2/5 times of the total plays. A’s 
expected payo£f=3/i-h4 (1 'p)=3x3/5-l-4x2/5=:17/5. 

Likewise, if B selects Bi with a probability of p selection of Bi has proba- 
bility of (1— />). Now if A selects Ai, B’s payoff is 3/i-f 5(1— p). If A selects As, B’s 
payoff IS 4p-fl (1 — P). Thus 

3p-f-5 (l-p)=4p-+-l (1-p) 

p=4/5 and l-p=l/5 

B’ expected payofif=3p-f5 (1— p)=3x4/5-f5xl/5=17/5. 

Thus A should play Ai and As with probabilities 3/5, 2/5 and B should play 
Bi and Bs with probabilities of 4/5, 1/5. Value of the game=17/5. 
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DooflBUit Striitegies 

A game which has no pure strategy, is a gatde in which dde player has more 
than two choices while the other player is limited to two choices only, is denoted by 
2 X M or M X 2 game. For such a game, we have to eliminate certain strategics for 
reducing it to 2 X2 game. One of the approaches for doing so is Dominance Method 
which states : 

If all the elements in a column are greater than or equal to the correspon- 
ding elements in another column then that column is dominated Similarly, if all 
the elements in a row are less than or equal to the corresponding elements in an- 
other row, then that row is dominated. Dominated tows or columns or both may be 
deleted, resulting into the reduced size of the game. Dominance can be illustrated 
by the following example 

2 6 


-(-i-i) 


-1 
3 

Competitor X will not play row 2 since this will give Y his only chance to 
win It is evident that row 2 is dominated by row 1 or row 3 since these rows will 
always return to X a better payoff than the dominated strategy, regardless of Y’s 
actian Hence row 2 can be eliminated and the resultant matrix is 

X 


<::) 




Example 3 Solve the following game : 

B 

B, B> 

Ai 4 5 2 

A A, 10 -5 4 

As 6 6 3 

Solution ; We see that Ai is dominated by Aa because 
6>4, 6>5, 3>2 i e gams with Aj are more. 

Thus A would never pay Ai which is eliminated reducing the given games as 


below. 


A, 

As 


Bi 

10 


B 

B. 

-5 


Bs 

4 


Now we see that Bi is dominated by Bs because 
4<10 jc , losses with 

• 3< 6 Bs arc less than those with Bi 

so that Bi can also be eliminated reducing the game as below. 

B 

Bt Bs 

A. -5 4 

A 

At 6 3 
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This IS now manageable since it is on the lines of the first two examples. 
Below, we realise that it does not have a saddle point i e it is mixed game. 

52 

@ C3 

(D 

Let p be the probability for A to play A*, so that 
-Sp+6(l-p)=4p+3{\-p) 

» p=3/I2 and (l-p)=9/12 

Value of the gamc= - 5x3/12+6x9/12-= 39/12 
Now let p be the probability for B to play Ba, so that 
-5/1+4 (i-p)=6p+3(l-p) 

=> l/12=p and l-p=ll/12 

Value of the garae= — 5 x 1/12+4 x 11/12=39/12 

The dominance criteria, however, can be extended, as to be seen in 
example 4 

Example 4 Solve the following game: 

B 

Bi B* Bs 
Ai 3 1 4 

As 1 4 2 

As 2 2 6 

Solution ; Bj dominates Bb Eliminating Bs, the game reduces to 

B 

Bi B, 

Ai 3 1 

A, 1 4 

As 2 2 

Now no row dominates ; but we sec that the average of Ai and A* dominates 
Aj as set out below : 


Bi B* 

Ai+A| 

2 1\ 

2 

As 2 2 

'ftus we can delete A 

f 

B 

Bj Ba 

Ai 3 1 

A 

Aa 1 4 

The student can now solve it as an exercise In general if any convex com- 
bination of two strategies (row or columns) dominates another strategy the latter 
can be eliminated. 
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Graphical Solotion Procedare 

Example 5. Solve tbe following game : 

B 

Bi B, 

Ai 6 3 

A A,' 4 8 


Solotion : This game does not have a saddle point. Proceeding with the 
previous method for a while to explain the basis of the graphical solution proce- 
dure let p be the probability of A playing Ai so that his expected gam, if B selects 
Bi is El. 

Ei=6p-f-4 (1— p) 

Also his expected gam Ei if B selects Bt, 

E,=3p-|-8 (1-p) 

These two straight lines are plotted in the graph below, the points have been 
obtained as below 


Ei=6p f 4 (1— p) 

If Ei= 6 
If p=Q Ei=4 

t 

Note this IS the 
Ist col of the 
given matrix 


From the graph, p=0 57 (=4/7) 


Ei=3p + 8(l-p) 
Ifp=l E,=3 
If p=0 E,=8 
1 

Note this IS the 
2nd Col. of the 
given matrix 
(Therefore, we 
can straightway 
proceed with 
plotting of the 
Imes from the 
given matrix) 

l-p=0.43 


Value of the game=5 14. 
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This was too simple an example to graphically. The graphical method is 
particularly suited to solving 2 X « or m X 2 games i e. one player has 2 strategies 
and the other more than 2. Also, though it is possible to solve such games (known 
as rectangular games) entirely graphically yet, m view of approximation introduced 
into the solution by the graph readings, we merely use the graphical method to 
reduce it into a 2x2 game i.e. we can once spot out the dominated strategies which 
can be eliminated. Then we solve the 2x2 game by the method which we used for 
the first four examples. 

Example 6. Solve the following game graphically : 


A 


B 

Bi Bi Bb 
Ai 1 3 II 


A, 8 5 2 


Solotion ; The three lines are plotted below 
A should play Ai with a prob of 0 28 
and Aj with a prob. 0 72 

Value of the game is read as 4 44 


It can be seen that the optimal solution has been obtained at the intersection 
of lines corresponding to Bb and Ba columns. Thus we have reduced the game as 
below. 


A 


B 

B, B, 

Ai 3 11 


A, 5 2 


Now let us find the probabilities for B. This can also be done graphically, 
however, usually, the graphical method is applied just to reduce the game as above. 

Let p be the probability for B to play B,. His payoff Ej if A chooses Ai is 
given by 


E,=3/i+ll (1-;,). 

B’s payoff. Eg upon A selecting Ag is given by 

E,=5p+2(l-p) 


Equating Ej and Eg 

3/1 + 11 (\~p)==5pj^2{\—p) 
p=9lll 
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B 

Bi B| Bs B 4 


Ai 4 2 0 -4 

A 

Ai 2 0 6 4 

SolDtlon : From the graph below, for A, p (Prob. of playing Ai)=0.4 ; 
therefore prob. of playing Ai=0.6. Value of the game may be read as 0.8. It can 
also be seen that Bi and Bs are dominated. 

The reduced game is 

Bs B4 
Ai 2 -4 

As 0 4 

Let now / 7 =prob. of B playing Bg : 

2p~iil-p)=0p+4il-p) 

=> 10p=8 P-8/I0 

Thus, prob. of B playing BgaaS/lO 
' B4=2/10 
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Shaded rcSion is the feasible region known as the lower envelope Lines not interfering this 
envelope represent dominated strategies 

Example 8 Solve the following game graphically : 

B 



Bi 

B, 

Ai 

-2 

5 

A, 

-4 

3 

As 

0 

-2 

A4 

-3 

1 

As 

1 

-4 


Solution : The game does not have a saddle point. In this case we have 
more than 2 rows ; therefore, we plot lines corresponding to rows in the graph 
below 

Also since we are plotting rows / e. making the graph from B’s view we 
consider the upper polygon (or envelope) rather than the lower one. The two 
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dominating strategics Ai and Ab have their lines intersecting at point P (giving 
minitnax for B) and these two lines constitute the upper envolope. Thus the game 
has been reduced as below. 

B 

Ai -2 5 

A 

A, 1 -4 

The student may solve it as an exercise. 

(Answer. A : 5/12, 7/12 ; B : 9/12, 3/12 : V=- 1/4). 



Games as LPP’s 

We saw the feasible region, etc. m the graphical solution to some games 
which should suggest the possibility of formulating a game as an I,PP. This is possi- 
ble and simplex method can be employed to obtain the solution. Considermg, 
however, a great deal of computations involved the simplex method should be the 
last resort as set out below. 

1. If there exists a saddle point to any mxn game solution can be read 
straightway, otherwise, step 2 below. 

2. Apply dominance and the extended dominance criteria to reduce the 
game. If it is reduced to a 2x2 game solve it by the ordinary method, 
but if It IS 2xn or m\2 game use the graphical method. 

3. If It still remains an mxn game use the simplex method 

Example 9. Solve the following game by formulating it as an LPP and 
then use the simplex method. 



n 


B 

Bi Bi Ba 

Ai 1 2 3 

A, 3 2 I 

Ai 4 2 0 

Solution. B’s Point of View 

Let xi, xa and x* be the probabilities with which B plays Bi, Bi, Bj. 
Bj=Expccted gam of B when he plays the three strategies with the aforesaid 
probabilities and A chooses Ai 

Likewise, Ea and Eg represent B’s expected gains when A chooses Aa and Ag 
respectively 

Now, Ei= lxi-l-2x|-L3xg 
Ea=3xi+2xa+lxg 
Eg = 4xi + + 2xa + Oxg 

Now B’s minimal payoff can be read as 2. Let us call it u. He can ensure 
that (i e., he does not lose more than 2) by sticking to Ba ; but he would endeavour 
to further reduce u by following a mixed strategy as discussed above. 

Thus lxi4-2xa+3xs<u.. 

3xi+2xa+lxg<ul I 

4xa + 2xa+0xg55ui 
Xi, Xg, Xg>0 

Define Xi^^xju Since Xi+Xa+Xg 

jr,=xa/u the sum of probabilities 

=1. 

A'3=Xg/U Xi + Xt + X3—}l\l. 

(Assume a to be 4-ve More on this later). 

The inequalities I can then be expressed as, 
i2ri+22r2+3rs<i] 

32ri+22r.+irB<u II 

42:i+22r»+02rg<r 
Xi, Xi, Xi>0 

B would want to minimise u or alternatively maximise l/u=2ri+A'g+2rB 
which 18 the objective function for B and II gives all the constraints. For clarity 
the LPP is restated below. 

Maximise Jfi+A'g+Jfg 

subject to 13fi+2irg+JA’ggl This is incidentally the symbolic 

32fi+22rg+l^g'^l model of the given game. 

42ri+22f,+02fg^l 
Xi, 2rg>0. 
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Introducing slack variables, the problem, became 
Maximise JTj+Jiri+l'B+OSi+OSj+OSa 

Subject to lJri+2Jri+3Jir8+Si=l 

3A'i+2Ar,+lJir0+S,=l 
42ri+22r»+02r,+SB=i 
Si, s*, Sb,>0. 

Solution : 


Fixed 

Ratio 

Pro- 

gramme 

Profit 

Qty. 

1 

1 

1 

0 

0 

0 

Repla- 

cement 

Ratio 

Xi 

D 

Xs 

Si 

Si 

Si 


1 

Si 

0 

1 

1 

2 

3 

1 

0 

0 

1/3-*- 

1/3 

s. 

0 

1 

3 i 

2 

1 

0 

1 

0 

1 

0 

Sa 

0 

1 

4 

2 

0 

0 

0 

1 

00 

1/3 

NER 



1 

1 

It 

0 

0 

0 


1/12 

Xb 

1 

1/3 


2/3 

1 

1/3 

0 

0 

1 

2/3 

s, 

0 

2/3 


4/3 

0 

-1/31 

1 

0 

1/4 


Sa 

0 

1 


2 

0 

0 

0 

1 

114 *- 

1/6 

NER 

■ 


4/3 t 

1/3 

0 

-1/3 

0 

0 



Xb 

1 

1 

1 

1/4 

0 


n 

1/3 

n 

-1/12 




0 

0 

0 



-1/3 


-2/3 




1 

1/4 

1 


H 

0 

m 

1/4 



NER I 

■ 

■ 

0 

0 

0 

-1/3 

0 

-1/6 



Thus A'8=1/4 


^ 1 = 1/4 

Xs=l/2 

*1=1/2. 


Value of the game=M= 


1 

Xi+Xt+X, 


1/4+ 1/4 


In fact the complete solution to the game is obtainable from the optimal 
table above ; but let us also view the problem from A’s point. 
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A's point of view 

Let yu yt, yz be the probabilities with which A plays Ai, A|, and Aj 
Fi' = Expected gain of A when lie plays the three strategies with the aforesaid 
probabilities and B choose 

Likewise, E'j and E'b represent A’s expected gams when B chooses Bj, and Bs 
respectively. 

Now Ei'=l>'a + 3ys+4va 
El = 2y 1 + 2>’i 4-2^8 
Ea'==3yi4-lyj fOya 

Now A’s row maximin payoff can be read as 1; call it u'. He can ensure 
it by sticking to either Aj or But he endeavours to make more by follow- 
ing a mixed strategy 

Thus lyi+3y2+4ya>u' 

2yi + 2>'a-|-2y8^M’ i III. 

3}’i+ lyi+Oy's^n' J 

Define Yi—yilu' Since yi+ya-f y 3 = 1 

Ti+ Ti-f- y8= 1 /m’ 

Ys~yilu' (Assume u' to be +ve 

More on this later). 

Now A would wish to maximise u' or 
minimise \lu'=Yi+Yi-Y Ys 

subject to yi-l-3yi-t-4ys>l LPP from A’s point of view. This is th# 
2Yi-\-2Y3-\-2Y3^l ' dual of B’s LPP. Incidentally, this is also 
3 yi 4 -iyi 4 - 0 y 3 >l the symbolic model of the game 

yi, y*,y3>o 

Since A’s LPP is the dual of B’s LPP we can real A’s solution from B’l 
optimal table wherein the last NER, we read below Sj and Sg, —1/3 and —1/6 
respectively which would be made —2/3 and —2/6 to correspond to Xj and ;cs, 
Thusyi and yg are 2/3 and 2/6=l/3 respectively 

Thus B should play Bi and Bg with probabilities of 2/3 and 1/3 respectively. 
The student may want to verify tins by solving A’s LPP directly. 

Sign of the Game 

We assumed u and «' to be non-negative 
They arc, in fact, so for this game because 
A’s maximin is 1, 

B’s mmimax is 2 

The value of the game must he between 1 and 2, i e , the maximised u or 
minimised u' must he between I and 2. Thus u and u' cannot be negative. So 
when A’s raaxiram < B’s minimax u and u are non-negative 

But in another game A’s maximin may be, say, —1 and B' minimax may be 
say, +6 In this case u or u' is likely to go negative. Therefore, it would be neces- 
sary to add I to all the elements of the given matrix. This would require that the 
value of the game obtained by the simplex method is adjusted i e. 1 is subtracted 
from the computed value 
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Aiternatirely, the stodent may want to add the absolute Talne moat — v« 
figure to all the elements and later adjust the game value for this. 

Example 10. Formulate the general LPP for the following game 


B 


strategies 

1 

2 

3 

1 

3 

—4 

2 

2 

1 

-3 

-7 

3 

-2 

4 

7 


Solution : By adding 7 to each element we make all elements +ve 

below 

B 




1 

2 

3 

A 

1 

10 

3 

9 


2 

8 

4 

0 


3 

5 

11 

14 


[Upon solving the mathematical model (LPP) formulated below the value of 
the game obtained from the solution by the simplex method would have to be 
adjusted by subtracting 7 from it] 

Let xi, xj, and xb be the probabilities with which B plays Bi, Bs and Bt 
respectively. 

Ei=expected gain of B when he plays the three strategies with the aforesaid 
probabilities and A choses Ai. Likewise, Eb and Ej represent B’s except gams when 
A chooses A* and As respectively. 

Now Ei=10xi+3xi+9x8 

E|=8xi-f 4x»+0xi 
E8= 5xj+1 1xi+ 14x8 

Now B’s minimax payoff can be read as 10. 

Let us call it u. He can ensure that (i e. does not lose more than 10 in thu 
modified game) by striking to Bi ; but he would endeavour to further reduce u by 
following a mixed strategy. 
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ttius 10x1+3*1+9*8 < a 1 

8 *i+ 4 *i+ 0*8 ^ a ^ I 
5*1+11*8+14*8 < a J 

* 1 , *». *8 > 0 

Define Xi = , Xa = , Xj =~ 

Since *i+*i+*8. the sum of probabilities equal 1 
Xi + Xj+Xs 

The inequalities I can be expressed as, 

10Xi+3X,+ 9X8 < 1 
8Xi -h 4Xa+0X3 ^ 1 
5Xi+llX,+ 14Xs < 1 
Xi. X*. Xs ^ 0 

The objective function B would want to minimise u. Conversely, he 
would want to minimise — ^Xi+Xj+Xa 

Thus the objective function to be maximised is Xi+Xj+Xs 


Exercises ; Solve the following games 



Answer Ai, Bs 
V=6 


Answer J4.O, 


5 _ 9 ^ 

14’ 14 



2. Consider the following payoff matrix for two firms. What is the best 
mixed strategy for both the firms and also find out the value of the game. 

Firm II 

No Medium Large 



Advertising 

Advertising 

Advertising 

No advertising 

60 

50 

40 

Medium Advertising 

70 

70 

50 

Large Advertising 

80 

60 

70 
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(0 


Solve the following games by linear programming 

(i i) 


( 


(iii) /-I 
2 
3 


Answer. 


1 

1\ 

-2 

2 ) 

3 

-3/ 

6 3 

2 

ii’ ir 

11 

5 8 

9 

22’ 22’ 

22 

11 



(») / 

3 

-1 


-3 

3 

\ 

-4 

-3 

Answer : 

14 

11 20 

15’ 

45’ 45 


20 

11 14 


45’ 

45’ 45 


V— 

196 


V — 

' 45 



4 Use the relation of dominance to solve the rectangular game whose pay- 
off matrix to A is as follows 



I 

II 

in 

IV 

V 

VI 

I 

0 

0 

0 

0 

0 

0 

II 

4 

2 

0 

2 

1 

1 

III 

4 

3 

1 

3 

2 

2 

IV 

4 

3 

7 

-5 

1 

2 

V 

4 

3 

4 

- ) 

2 

2 

VI 

4 

3 

3 

-2 

2 

2 

/ 


III 

IV 

\ 




Answer 

III 1 

3 

1 



\ 


IV 7 

-5 , 

/ 




5. In a game of matching coins two players, suppose A wins one unit of 
value, when there are two heads, wins nothing when there arc two tails and loses 
1/2 unit of value when there are one head and one tail. Determine the payoff 
matrix, the best atrategira for each player and thejvalue ofjgame to A. 
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RANDOM NUMBERS 




00^0 

437* 

2 579 

*29.1 

59SO 

1048 

1 0650 

t 

0744 

3447 

*173 

1288 

*378 

6704 

096* 

9986 

j S30J 

1 ‘72*1 

5558 

7239 

297* 

481* 

*134 

5120 

154' 

*5'4 

1 3581 

1 *979/ 

0J7I 

14*3 

11*4 

1301 

3M2 

3866 

8707 

9980 

1 201 1 

sni 

3«33 

1*60 

*3*5 

9054 

<■55 

8K44 

4085 

9589 

2924 

1 '725 

1053 

7320 

*531 

7214 

8972 

6466 

1217 

oroo 

1458 

1 94'* 

43*0 

115* 

ijr 4 

4086 

9SJ4 

9434 

119* 

01 ^6 
494^ 

5*95 

2*97 

6876 

7497 

7937 

1147 

5476 

'952 


*749 

3*7* 

4943 

140* 

8014 

ao&o 

*433 

1**0 

.8875 


a?7» 

3447 

4*04 

*761 

5309 

0*3* 

0522 

2C04 

3107 


0591 

*34$ 

SIO* 

6185 

6188 

3640 

2389 

94S3 

0924 

•3*9 , 

1025 

343* 

0546 

2545 

1089 

12^)0 

6701 

9742 

3453 

5573 

4344 

9217 

I*x8 

4524 

OI*J 

989s 

95*6 

2083 

8459 

0*44 

1331 

9032 

1388 

5*61 

047* 

7128 

»0O2 

*343 

7724 

6518 

8*53 

3490 

1589 

8744 

1221 

4**7 

839* 

4779 

9937 

7206 

5059 

419a 

*33* 

54^^“; 

5922 

01)82 

9190 

8993 

3621 

2*02 

0831 

4340 

3194 

0118 

4773 

86*8 

1591 

7989 

9'9o 

1296 

33*] 

174* 

7108 

*40* 

2570 

4243 

5029 

8949 

4989 

50^ 

ISIO 

1858 

93*5 

6562 

0269 

9923 

179* 

662b 

859t 

1990 

364] 

6629 

5775 

3119 

83oi 

4047 

6861 

07*5 

2379 

3494 


5312 

3747 

0363 

5995 

!l504 

(1804 


0957 

95 1* 

3*04 

3*73 

1853 

9311 

2498 

8878 

40 5* 


*247 


3603 

3011 

6762 

0848 

8316 

S485 

*388 

8925 

3799 


lUI 

297* 

6313 

5857 

8457 

1395 

7240 

8630 

3895 

>030 

45*3 

4227 

4120 

**93 

700s 

22*4 

6067 

5*2/ 


*309 

915* 

2839 

\2*» 

9809 

4606 

8667 

1154 

$841 


44*0 

3'43 

53*3 

0327 

9*6* 

1*97 

8335 

08*9 

■irtS 

• 90* 

*371 

5091 

7271 

1866 

4191 

41*3 

20)5 

2ijl 

499 * 

7 iji 

9307 

5549 

9298 

9076 

1299 

*669 

0088 

2 Sc 9 

9*31 

% t 6 t 

9304 

1468 

4013 

7465 

0861 

* 7*7 

35*' 

7977 

*409 

479* 

' s9o6 

1435 

*54* 

3209 

4801 

6690 

8527 

2219 

6704 

•930 

*693 

*333 

081 

754* 

2910 

*551 

8725 

•237 

4423 

• 570 

055* 

7715 

*994 

4245 

1540 

8159 

3*89 

5*73 

*977 

2703 

*973 

9*99 

4959 

7'4* 

142* 

7086 

8743 

6982 

»47 

3*94 

4940 

1J13 

5208 

*661 

4907 

iioa 

0501 

3*25 

*513 

5192 

0132 

0928 

8241 

0858 

7*27 

4174 

1 170 

3'4» 

2455 

4891 

4051 

3101 

9854 

4488 

*93' 

326* 

3'47 

2 S *0 

Soil 

8848 

01*7 

(611 

5504 

79'7 

7928 

*034 

99*9 

4351 

2075 

9497 

o6oe 

94*9 

3‘49 

4086 

8911 

*547 

3518 

9349 

1I3& 

0348 

4593 

1666 

5750 

5'OS 

4287 

43*0 

7860 

779« 

1*15 

7*59 

881 ) 

9491 

Z602 

4100 

49*2 

t037 

977* 

1778 

4223 

3193 

5540 

5985 

00 1 9 

715s 

1471 

1851 

8681 

9957 

3772 

4704 

9535 

5575 

1239 

1624 

5537* 

6803 

7*77 

79't 

4*60 

5*693 

3>74 

7*77 

8282 

6Jj69 

879 

7874 

9931 

6581 

97*4 

2*97 

8864 

47*0 

M2q 

6205 

4949 

4105 

0222 

7479 , 

6470 

8'94 

5445 

7341 

0593 

5*5* 

*799 

3071 

'75' 

4339 ‘ 

SB90 

949* 

54*8 

6083 

45‘I 

1440 

213s 

5777 

WJ 

1048 

6726 

8602 

3951 

7928 

6S18 

4161 

4840 

1391 

1321 

5014 

7538 

9854 

7319 

40*4 

4024 

5401 

2834 

75 * 

3978 

3741 

1005 

4619 

4892 

*73 < 

6269 

5189 

1071 

4084 

9789 

3*20 

9819 1 

4548 


Example on the use of this table Suppose we want five 3 digit random nos. We can enter any 
where m the table e g the top of the last column, first 3 digits of 5 consecutive nos., give us the 
answers 413, 172, 207, 511, 172. Thus we enter the table randomly but then on proceed 
serially 





APPENDIX I 

UNIT NORMAL LOSS INTEGRAL (.0* means 00 , etc.) 
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Statistical Quality Control (S.Q C.) 

The mass production of an identical item consists of a production procesi 
that requires a set of inputs, viz , equipment, raw materials, men, etc. Variation! 
m these factors occur, over time, and due to these it becomes impossible to product 
items that are exactly identical in all respect i e , there is always some degree ol 
variation in the dimensions of two identical objects, measured under precision T< 
cnsuie the quality of the product, tolerance limits are set If the product falls 
within the tolerance limits it is considered to be of acceptable quality : otherwise 
the quality of the product is questioned Though it is possible to ensure the 
quality of the product by measuring the dimensions of each product, it is time 
consuming as well as expensive Moreover, if the no of finished products, those do 
not meet the specifications are too large in number, an unnecessary wastage of the 
inputs stands as one of the barrier for optimising profitf Therefore, it would be 
advantageous if the process itself could be controlled so as to produce a known 
minimum level of defective articles The statistical technique that is employed in 
achieving this objective is known as Statistical Quality Control (S Q C.). 

TYPES OF VARIATIONS 

There are two types of variations in any mass production System. 

A class of variations in the input factors, that can be identified, are, some> 
times, responsible for the variations in the outputs. For example, variations in the 
product dimensions may be observed due to maladjustment in the machine, or a 
change in tht characteristics of the raw materials, or worker fatigue, etc. Such 
variations arc called assignable variations, or variations due to assignable cause. 

Sometimes the variations in the output arc due to the resultant effect of 
many minor causes, which vary randomly independent of each other, and, it is 
difficult or uneconomical to detect or eliminate these causes For example, slight 
variations in temperature, humidity and a few other similar factors may result 
slight variations in ihc quality of the output Variations of this type arc called 
random variations or chance variations. These arc considered to be the characteristics 
of the production process, and are not eliminated • but predicted statistically. 

Type of Control 

There are two broad ways of statisiical control of the quality of a product, 
VIZ , process control and the product control. 

(a) Process control— 

This IS concerned with controlling the quality of the goods manufactured in 
the process of production. Process control detects whether the production process 
is going on in the desired fashions. It other words it controls quality of the goods 
to be produced. In ensures that the machines are turning out the product of a 
i«q[ui8itq standard. This is achieved largely Utroug^ control chart device. 
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(b) Product control— 

This IS concerned willi cKissilication of raw materials oi finished goods into 
say acceptable, non-acccptablc or whether another sample has to be tested It is 
concerned with the inspection of the goods already produced, whether these are fit 
to be dispatched. 

Techniques used 

The following chart shows the various techniques used for statistical quality 
control (S Q C ) 

Techniques 

1 


i 

Process control 
(by control chart Device) 

1 


4 

Product control 
(by acceptance plan) 

1 

i 

Variables 

1 

i 

Atinbiites 

1 


4 4 

Attributes Variables 

1 

4 i 

X-chart R -chart 

• 

1 

1 

1 

1 



1 

C-chart 

1 

np-chart 

4 

p-chart 



CONTROL CHARTS 

The most widely used statistical tools of quality control are tlie Sliewliari 
Control Chart. It was introduced by Walter A Shcwliart. A control chart consists 
of three horizontal lines as shown below. 



qu«iity. 


The upper line represents the upper control limit (UCL), the lower line the 
lower control limit (LCL), and the middle line an acceptable average for the process 
based on speafications. The control limits are based on the distribution of sdmplc 
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statistics. The data are collected for a series of samples during a 'production pro- 
cess at different time intervals and are plotted on the graph. As long as the points 
fall within the control limits, the products arc of acceptable quality, but, if a point 
falls outside the control limits, the production supervisor tries to determine whether 
this is due to chance or sAne assignable cause. Different variables control charts 
are maintained for each variable of interest If the control chart indicates that 
the observed variation is due to chance alone, the process is said to be m control 
{i e., statistically stable), otherwise it is said to be out of control (/ e , in a state of 
statistical instability) Once the process is found to be out of control, it is halted 
and set right by removing the possible causes. 

(1) The idea of control chart can be extended to the comparison of 
budgetary figures with actual performance. Such comparison may either point to 
tfitrneed of improving actual perpormance or altering the budget figure. 

(2) With the help of control charts one can easily detect whether or not a 
change in the production process results in a significant change in quality. We can 
decide about the change in the method of productions and separating good products 
from the bad ones. 

Types of Control Charts 

Basically, there are two types of control charts 

1, Control Charts for Variables. 

2. Control Charts for Attributes. 

1. Control Charts for Variables 

Control charts for variables are based on measured quantities apd find its 
use, in case, the specifications for the quality are given in terms of variates. The 
most common charts that come under this category are the 

(a) Control charts for sample means (x chart) 

(h) Control charts for sample ranges. (R chart). 

Following are the steps for the construction of control charts ; 

(i) A random sample of size n is selected during the manufactunng process 

and the measurements Xi, Xt, Xn are noted. The most frequently 

used sample size is either 4 or 5. ^ 

(//) The sample mean x and the sample range R are contputed using 
9 

i— and 

f-1 
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(Hi) If the process is found to be stable, /c(20^/c ^30) successive samples 
are selected and jf , and p an estimate of the sample mean, and the 
sample range are made by using 
k A 

E- ER' 

/=] ■ Ti“ ^ ^ » 

g ==— and R - — 

respectively. 

(iy) The upper and the lower control limits are set using 
=X +AiRand =T— A,R , 

where Ai is found from the following table 

Factors Useful in the Construction of Control Charts 


Chart for Averages Chart for Ranges 


n 

Factor Jor 
control limit 

At 

Factor jor 
central line 

dt 


Factors for 
control limits 

D, 

2 

18 80 

1 128 


3 267 

3 

1 023 

1 693 


2-575 

4 

0 729 


0 

2-282 

5 

0 577 

2 326 


2115 

6 

0 483 

2 534 


2 004 

7 

0 419 

2 704 

0 076 

1-924 

8 

0 373 

2 847 

0 136 

1 664 

? 

0 337 

2 970 

0 184 

1 816 

10 

0 308 

3 078 

0 223 

1 777 

11 

0 285 

3 173 

0 256 

1 744 

12 

• 3 266 

3-258 

0-284 

1-716 

13 

0-249 

3 336 

0-308 

1 692 

14 

0-235 

3 407 

0-329 

1-671 

15 

0-223 

3-472 

0-348 

1-652 

16 

0-212 

3-532 

0-364 

1-636 

17 

0 203 

0 588 

0 379 

1 621 

18 

0 194 

3 640 

0 392 

1 608 

19 

0 187 

3 689 

0 404 

1 596 

20 

0 180 

3-735 

0-414 

1 586 

21 

0-173 

3-778 

0 425 

1-575 

22 

0'167 

3-819 

0-434 

1-566 

23 

0-162 

3-858 

0-443 

1-557 

24 

0-157 

3-895 

0 452 

1-548 

25 

01 53 

3-931 

0-459 

1-541 


(v) The Upper and the lower control limits for R are set using. 
UCL((^ tsDiR » LCLh =D8R, 
where D4 and I^«re found from the above table. 


I 


7 


^vj) The upper and the lower process tolerance limits (known as natun 
tolerance limits) for individual values of x are computed by usini 


mu 


+: 


3r 


and LTL^ _ 


- “iR 




where d» is found from the above table. In these natural tolerant 
limits fall within the manufacturer’s specifications, most of the product 
are accepted to be of a satisfactory quality, and the production procei 
IS said to be in good control. 


Note 1 The control limits for an * chart arc based on an estimate of _ 
and that for a R chart are based on an estimate of 


2 If the population from which the samples are drawn is normally distri 
buted the distribution of sample means are normally distributed, bui 
the distribution of sample range is neither normal nor symmetrical 
However, control limits for ranges are assumed to be symmetrical. 


Choice between X and R chart 

The choice between the X and the R chart is a managrinal problem. X chai 
IS used to show the quality averages of the samples drawn from a given process, 
whereas R cli.irt is used to show quality dispersions (variabilities) of the samples. 
If the presence of an assignable course is noticed on both type of charts, only one 
type of chart should be used. 

In practice, R charts are constructed first. If R chart indicates that the 
dispersion of the quality by the process is out of control it is better not to construct 
X chart until the quality dispersion is brought under control. 


Interpretation of X and R charts 

1. If all the sample points (X) or R, as the case may be, are scattered 
within the control limits, the process is under control and is satisfactory. Even 
when all the point* are within control limits or there is a clear upward or downward 
bias of points, it should be checked whether the machine required adjustment, it is 
also likely that the measuring gauge or the central line needs adjustment. 

2. Assuming the population to be normal, the probability of any point 
falling outside the control limits ±a or ±3R is only 0027 yet, if a point falls 
just outside the limits it will be desirable to take another bigger sample. If the 
mean of the combined sample still lies out of the control limits, there should 
the be search for assignable cause. 


3. If one or more of the points in any or both the charts go out of the 
control limits, we say that the process is out of control i.e., it is not in the state of 
statistical control. 


Exanjtle : A pharmaceutical manufacturinfi company intends marketing 

^ U m M ^ A • vM m ^ ^ •• m 


Example : a pii 


15 ml. Samples of four vials are drawn randondv eveiv 
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half-hour duriug the production and retults are produced below. Draw a control 
chart for sample means and determine whether the process exhibits statistical 
stability 


Sample 

number 

Vol of each sample observed 

Xi Xt Xm Xi 

Mean 

Xi 

Range 

Ri 

1 

15 58 

15 82 

15-45 

15-71 

15-64 

0 37 

2 

15 32 

15 47 

15 60 

15 33 

15 43 

0-28 

3 

15 94 

15 07 

15-02 

15-81 

15 46 

0 92 

4 

15 26 

15 98 

15 04 

15-21 

15 37 

0 94 

5 

14 79 

15-01 

15 04 

14-92 

14 94 

0 12 

6 

15 31 

15 25 

15-27 

14 97 

15-20 

0 34 

7 

14 89 

14 91 

14 97 

15 15 

14 98 

0-26 

8 

1518 

15*40 

15 34 

15-36 

15 32 

0 22 

9 

14 93 

15 03 

14-87 

15-17 

1500 

0 30 

10 

15 15 

15 56 

15 43 

15-14 

15 32 

0-42 

11 

15 02 

1504 

15 23 

15-19 

15-12 

0-21 

12 

15 17 

15 08 

14-81 

15 02 

15 02 

0-36 

13 

14-85 

15 01 

15-82 

14 76 

14 86 

0-25 

14 

15 68 

15 95 

15 59 

15 74 

15-74 

0 36 

15 

15 15 

15 12 

15 23 

15-14 

15-16 

0-1 1 

16 

15-48 

15 52 

15 60 

15-56 

15 54 

0-12 

17 

1561 

15 72 

15 46 

15-41 

15 55 

0-31 

18 

1491 

14-54 

14 78 

14 81 

14-76 

0 37 

19 

15 19 

15 34 

15-24 

15-27 

15 26 

0 15 

20 

15 63 

15-67 

1560 

15-54 

15-61 

0 13 


Solution : 


20 

£ Xf 

- i=l 305-28 
20 “ 20 


15-264 


20 

2 ^- 
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The lower and the upper control limits for x are respectively given by 

?-A*R=l5 264-0-729 X 0-327 

= 15-264-0-238=15026 

ULC_ - - 

*+A,R = ]5-264 + 0 729x0 327 

^ l3-264+0-238=15-502 



x-CHvrr 


The means of sample nos. 1, 5. 7, 9, 12. 13, 14, 16, 17, 18, and 20 
lie beyond the control limits, indicating statistical instability. 

Example. Using the data of the previous example draw a control chart for 
R. 

Solatlon : 

UCU»D(R «■ 2-282 x 0-327 =» 0 746 
LCLanDtR 0X0*327 «* 0. 
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R<HARr 


It seems the process variation has changed at the time of drawing 
sample nos. 3 and 4. Wc assume that an assignable cause was found and was 
corrected. 


2 . 


Control Charts fOf Attributes 

Sometimes it becomes impossible or difficult to determine the quality 
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the product may be classified as either acceptable or not-acceptable , i e., if the 
attribute determines the quality of a product, control chart for attributes are used 
during producting the process flie most common control charts that come under 
this category are the 

(fl) Control charts for fraction defective (p chart) 

(f>) Control charts for number of defects (c chart) 

(a) Control Charts for Fraction Defective 

The control charts for fraction defective is based on the distribution ol 
sample proportions, and it is assumed that the products follow Bernoulli process 

In constructing p chart, we define 


and p = 


no of defective items in a sample 
total no of Items in the sample 
total no of defective items in several samples 


p — process average fraction defective = 


total no. of Items sampled 


Corresponding to the statistic p, p is used as an estimate of p', the popu- 
lation defective The control limits are set using. 


UCLp = p' -f Zor and LCLp — p' — 3op , 


A . p\ 

where <r,. = — is an estimate of op. 

n 

The central line (CL) in this case is p. 

A proportion that falls within the above control limits is assumed to possess 
the particular attribute and that falls outside these limits is supposed to be due to 
an assignable cause 


(b) Control Charts for Number of Defects 

When the production process involves complex assembly of number of com- 
ponents, VIZ , production of TVs, Computers, Cars, etc a knowledge of the number 
defects per unit is useful in maintaining a satisfactory level of quality. Such a 
situation, where the likelihood for no of defects is large, yet, the actual occurrence 
IS found to be small, and a single unit with one or more defects is not necessarily 
rejected follows the Poisson distribution rather than the binomial distribution. A 
control chart based on the Poisson distribution is called a control chart for defects 
or c-chart. 

Since the mean and variance of a Poisson distribution are equal, the standard 
deviation of the process is given by 
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where c the expected aumber of defects per unit. 

The "ivt control Irtnits for a c chan arc given by 

ULC- == c and LCL^ — c — 3tr,c 

Example : The following is a table showing the number of defective items 
m sample of size SO drawn from a manufacturing process. One sample was drawn 
from each of 25 time periods 


Sample No. 

No. of deflctives 

1 Sample No. 

1 

No. of defectives 

1 

0 

14 

2 

2 

2 

IS 

4 

3 

1 

16 

5 

4 

3 

17 

4 

5 

1 

18 

3 

6 

0 

19 

3 

7 

1 

20 

2 

h 

2 

21 

1 

9 

2 

22 

1 

10 

3 

23 

0 

11 

4 

24 

6 

12 

1 

25 

2 

13 

0 




Construct the p-chart. 
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Solution 


Sample No. 

No. of defectives p 
(P) 

Sample No No. of defectives 
id) 

P 

1 

0 

000 

14 

2 

004 

2 

2 

004 

15 

4 

008 

3 

1 

002 

16 

5 

O'Ol 

4 

3 

006 

17 

4 

0 08 

5 

1 

002 

18 

3 

0 06 

6 

0 

000 

19 

3 

0 06 

7 

1 

0 02 

20 

2 

0 04 

8 

2 

004 

21 

1 

0 02 

9 

2 

0 04 

22 

1 

0 02 

10 

3 

0 06 

23 

0 

000 

11 

4 

008 

24 

6 

012 

12 

1 

0 02 

25 

2 

004 

13 

0 

0 00 





55 

— 53 _o.o 424 ' [^iDcc the total no. of items 

^ “ 1250 “ ’ sampled = 50x23 1250] 


^ Ml - P) 0 0424(1-0 0424) 

_ ^ , 0 0.24X0 95 71 
= 0 028 

3e»*= 3 X 0'028 =» 0'084 
UCL, — p' + 3op = 00424 + 0 084= 0 1264 

LCLp = p' -3op - 0 0424 - 0 084= - 0 0416 
■■ 0 [since negative] 

CL -0^ 
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Example ; The following tabic shows the number of missing rivets detected 
during the 6nal inspection of the aircraft 


Aircraft No. 

No of missing rivets 

Aircraft No 

No. of missing rivets 

1 

8 

14 

26 

2 

16 

15 

15 

3 

14 

16 

8 

4 

19 

17 

9 

5 

11 

18 

14 

6 

15 

19 

11 

7 

8 

20 

9 

8 

11 

21 

10 

9 

21 

22 

22 


12 

23 

7 

11 

22 

24 

28 

12 

16 j 

25 

9 

13 

9 1 
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Compute trial control limits for number of defects What value of c , an 
estimate of the expected no of defects per unit would you suggest for the future 


Solution : 


350 


c = Expected no of defects per unit “ ^ = 14 


0,= Vc =VT4 = 3 74, 3crc= 11-22 
UCLc'- r+3ffr = 14 + 11 = 25 
iCLc = e - 3<J. = 14 - 11 = 3 
The points corresponding to Aircraft no 14and24^are beyond 
limits. Removing these two observations. 


350 — 26 - 28 
(25 - 1 - 1) 


296 

23 


= 12 86 


the control 


Recommended c for the future = 13. 

ACCEPTANCE SAMPLING FOR ATTRIBUTES 

By the use of control charts the manufacturing process is controlled, and, 
hence, this is essentially a process control technique. There are situations that 
do not involve any manufacturing process, yet require, assurance on the quality. 
Though inspection of each item under consideration is possible in some cases, and 
inference may be drawn on whether it is to be accepted or rejected, it is time 
consuming as well as expensive Moreover, if the inspection is destructive, we 
have to resort to sampling When the decision on the acceptability of a lot is 
based on sampling, the technique is known as acceptance sampling Because 
a decision is taken on whether the sample processess a particular attribute or not 
It is also known as attribute sampling. The actual sampling procedure is known as 
sampling plan. Though th^re are various sampling plans, the three standard 
sampling plans that are in use are 
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(a) Single sampling plan 

It a dcjisioii on the acLciJtability of the lot is based on one random sample 
from the lot, the sampling plan is known as sing/e sampling plan. This plan is 
completely defined by three numbers N, n and c, where 

N = the size of the lot, 

n = the size of the sample, 

and c = the maximum number of allowable number of defectiver for 

acceptance. 

As an example, let us consider N = 500, n ~ 50, c = 1. This may be 
interpreted as, 

(1) draw a sample of size 50 out of a lot ol 500 ; 

(2) if the number of defectives in the sample be 1, accept the lot, 
otherwise reject the lot 

(b) Double sampling plan 

A lot may be accepted if the first sample is good enough or rejected if the 
same is bad enough But, if the first sample is neither good enough nor bad 
enough, a decision on the acceptability of a lot is taken by drawing two samples 
from It This IS known as douft/e sampling plan This plan is completely defined 
by five numbers N, ni, Ci, nt, c*, where 

N = the size of the lot, 

H] = the size of the first sample. 

Cl = the maximum number of allowable number of defectives for 
acceptance on the basis of the first sample, 
ni — the size of the second sample, 

c» = the maximum number of allowable number of defectives for 
acceptance on the basis of two samples. 

As an example, let us consider 

N =• 1000, fii = 30, Cl = 1. nt — 40, Ca -- 3 
This may be interpreted as, 

(1) draw a first sample of size 30 from a lot of 1,000 ; 

(2) if the number of defectives in the sample be ^ I, accept the lot ; 

(3) if the sample contains more than one defective, reject the lot , 

(4) inspect a second sample of size 40 if the first sample contains 2 or 3 
defectives , 

(5) if the combined sample of size 70 contains 3 or less defectives aboepi 
the lot ; 
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(6) if the combined sample contains more than 3 defectives, reject the lot 

The double sampling plans are usually more efficient in that less inspection 
IS required for the same protection afforded by a single sampling plan Also, the 
producer derives the satisfaction from the fact that each of his lot is being given 
another chance, before being rejected. 

(c) Multiple sampling plan 

This IS an extension of the double sampling plans. 

Operating Characteristic Curve (OC curve) 

In acceptance sampling both supplier and concumer face the inevitable 
risks willingly If the sample shows good results but the lot is bad the producer 
bears the risks of sampling. If the sample shows poor results but the lot is good 
the supplier bears the risk Assigning different values of the variables the sampling 
plans (N, n, c) are infinite in number Which plan should be selected for the 
given situation then ? Or, in other words, what are the values to be assigned to 
N, n and c There are quite a few considerations in devising the right plan 
for the given situation First, the risk should be equitably shared by both the 
parties. Second, the given situation means precisely the per cent average defectives 
of the supplier’s production process and the desired lot quality by the consumer 
Some plans would be good vis-a-vis % average defectives and others bad. But this 
average cannot be maintained at a constant level This should be obvious after 



Opt HAT INS c r^RACTLRi^lC CuR^L 
SinAlJ SAMPurA PLAtL. 
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iliscussion on control chart' The supplier’s production or output is bound to vary 
in quality What wc have to consider, then, is how the plan would operate against 
the output quality varying from its average 


A curve may be drawn by plotting the probability of accepting the lot pa as 
a function of the fiaction defective /?', of the lot. This curve is known as operating 
characteristic curve The right OC curve takes into account the protection desired 
by both tne supphci and the customer, and the inherent variability of the supplier’s 
process 

Posterior Probability 


I he collection of events Ai, At, A'*, A„ are referred to as causes, hypo- 
thesis and si ites of nature I he unconditional probabilities Pr (Aj), .. Pr (A*), 
Pr (A i) arc called the prior piohahthnes for the hypothesis These are termed as 
prior piobabilities since these probabilities are assessed before the occurrence of the 
event n (say) Suppose now, we want to derive the probability of A when B 
has occurred written as P(A/B) or B when A has occurred as PlB/A) We are 
mainly eoncerned here with finding out the probabilities of the dependent events 
when the icsulls of the othei event is known. This is called a Fosienor probability 
or revised probahiliiv 

FAiiniple A ball is selected at random from two urns by first choosing an 
urn and ilicn drawing the ball Irom the selected urn The first urn contains four 
black balls ,iiul six white balls 1 he second urn contains eight white balls and two 
black balls If the chosen ball is black, find the probability that it comes from 
hrst urn 

Solution 

Let B be the event that the chosen ball is black and A the event that it 


tomes trom the lirst urii biiice cither urn is likely to be chosen, a prion proba- 
bility ol A IS 0 5 (This IS the probability of A before new information is 
obtained ) Using Baye’s theorem 


P(A/B) = 


P(B/A) P(A) 

2P (B/A) P(A) + P(B/A') P(A') 

(0 4) (0.5) .2 

(0 4) (0.5) + (0 2) (0.5) .2 -H.l 



P(B/A) IS the a posterior probabdity 

Based on the above definitions, we will now present the method of analysis 
for choosing among alternative acts in the field of formal decision making under 
uncertainty. The method is known as Posterior analysis based on posterior 
probabilities. 

Posterior analysis 

Consider that the decision maker has reached a decision to sample, carried 
out the survey, and made the results available. In addition to the sample results, 
pay o(T and prior probabilities if the decision maker has the conditional probability 
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analysis is the method whereby we combine sample information with prior infor- 
mation to obtain revised probabilities for the various events. 

The best act using posterior analysis is found as follows . 


Step 1 . Find the posterior probabilitie s for each state conditional upon the 
sample result by using Baye’s theorem 


Pi (Sis) 


Po (S) P (s/S) 
SPo(S)P(s/S) 


where S', a state of nature, s — a specihc sample result, 

Po(S) - the marginal probability of the state s (a prior probability), 

P(5/S) = the conditional probability that the sample result, s, is based 
upon the state S. 

PiiS/s) = the posterior or conditional probability that 
the state S exists given the sample result s 
Step 2 Multiply the payoff associated with every state of nature by the 
posterior probability Pi corresponding to the state and add the results to compute 
the expected payoff 

Step 3 : Compare the expected payoff Ei of all acts and choose the course 
of action corresponding to 

(i) the largest when payoff arc to be maximised. 

(ii) the smallest when payoff arc to be minimised 

Example : A company wishes to decide whether or not a shipment of items 
should be accepted From the past experience, it is known that the percentage of 
defective Items m a batch IS either 6, 10 or 15 The probability of occurrence of 
these states are 0 8, 0 3 and 0.1 Shipment with 6 percent defective items are 
acceptable. The cost of accepting and rejecting good and bad shipments are given 
by the following payoff table. 


Payoff table 


State 


Act 

percentage defective 

Accept 

Reject 

6 

0 

150 

10 

300 

0 

15 

400 

0 

^In addition to the information given above, assume that a sample of 10 items has 
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result (i 2), the coiulitioiial probabilities of the result are given in the following 
table 


Stale 


Conditional probabilities PisjS) 



6 


0834 



10 


1847 



15 


2645 


Posterior analysis • The above information is summarized in 

table . 

the following 

i 

.V 1 

Pa (-S') 

! 

P{it'S) 

Cost 

{Slate) 

{Prior Pi oh) 

{Conditional Prob) 

Accept 

Reject 

6 

0 8 

0834 

1 

0 

150 

10 

0 3 

1847 

300 

0 

15 

0 1 

2645 

400 

0 

111 order to choose the best act using the additional information it 
probabilities), Po/S), we perfom the following steps . 

e conditional 

Step 1 . We first find the posterior probabilities Pi(S/j). 
computation are given in the table below 

The necessary 

S 

PoiS) 

U) 

P{P,S) Po{S)P{slS) 

{2) (J)=(/)X(2) {4). 

PMS) 

-= 3 - 0.1485 

6 

.8 

0834 

0667 

4492 

10 

.3 

.1847 

0554 

.3731 

15 

.1 

.2645 

0264 

.1485 

.1778 




Step 2 : Compute the expected payoff for each act, using the poitcrior 
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El (accept) = .4492 (0) +.3731 (300) + .1778 (400) 

= 0 + 111.93 + 71.12 
= 183.05 

El (reject) = .4492 (150) + .3731 (0) + .1778 (0) 

= 67.38 

Step 3 ; When comparing the two expected costs we find that Rs 67 38 is 
less than Rs. 183.05. Since the lower of the two values corresponds to the second 
alternative, we conclude that shipment should be rejected on the basis of posterior 
probabilities. 

Sampling. Binomial and Normal distribution. 

Students are advised to refer to study VI, Statistics of intermediate course. 
Exponential Smoothing 

Exponential smoothing refers to a family of forecasting models. The expo- 
nential smoothing model estimates average smoothed demand for the upcoming 
period Fi by adding or subtracting a fraction of the difference between actual 
current demand and the last smoothed average F»_i The new smoothed average 
Fi is then given by 

New smoothed average = old smoothed average + 

a (new demand-old smoothed everage) ; 

When symbolized, it takes the form 

Fi == F<_i + a (Di-F»_i) ...(1) 

or Fi = aDi + (1— «) F<_i ...(2) 

Dt = actual current value of variable being forecast in 
period t, 

and « = smooting constant 

The value ot « lies between 0 and I It determines the degree of 
smoothing that takes place and indicates how responsive the model is to fluctuations 
in the forcast variable. The setting of a is usually done by trial and error and is 
not a scientific method. The commonly used values of a are between 0 01 to 
0.30. 

It is evident from the above discussion that the major advantage is that it is 
not necessary to store all the historical data for the forecasting model and compute 
average each time. Instead, exponential smoothing requires only the previous 
forecast and the actual value of the previous period. 

To illustrate, Govind Ram & Sons Company uses exponential smoothing 
to forecast energy demand on a monthly basis. Experience has shown that the 
appropriate constant tause is a = 0.10. 

If Di = 1 10 and F(_i = 100, then the new smoothed average is 
Fi = O.I X 110 + 0.9 X 100 == 11.0 -b 90 = 101 0 
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Since the new demand figure Dr includes possible random variations, we are dis- 
counting 90 per cent of these variations Obviously then, small values of a will 
have a Wronger smoothing cfTect than large values Conversely, large values of a 
will react mi^rc quickly to real changes (as well as random variations) in actual 
demand As an example, if a = 0 4 and the previous data remain the same, the 
new smoothed average would be 

Fi --= 0 4 X 110 + 0 6 X 100x44 0 + 60 = 104.0 

Note that the component of currents actual demands and the old average are now 
weighted quite differently, giving considerably more weight to current actual 
demand The equation ^2) actually gives weight to all past actual demand data, 
though this IS not obvious This weighting occurs through the chain of the periodic 
calculations to pioduce smoothed averages for each period Thus, the smoothed 
averages arc based on j sequential process representing all previous actual demands 

Generally, exponential smoothing is considered superior to the other fore- 
casting methods Its cost is equivalent and its accuracy especially in the short term 
IS better Owing to their relatively small computational cost and computer storage 
requirement, exponential smoothing models arc probably the most widely used of 
the time series techniques For longer term forecast, however, exponential smooth- 
ing IS .ilso considered a poor technique 

Trend Effects 

The model, given by (2) above, does not take into account the seasonal or 
trend component There exists other exponential smoothing models that compensate 
tor the various components ol a time series such as the seasonal or trend compo- 
nent To illustrate more complex exponential smoothing models, let us consider a 
model that has an adjustment for trend built into it If trend exists in either a 
positive or a negative form, there will be a lag if we make use of the simple expo- 
nential smoothing model just decribed (see figure .) 



Fig. 1 



23 


The basic idea behind the trend-adjusted model is to calculate a simp 
exponentially smoothed forecast and adjust the forecast for a trend lag 


and 


Mathematically, the trend-adjusted model can be described as follows 


Where Fi' = trend-adjusted forecast for time period t. 


F« = simple exponential smoothing forecast for time period t, 
P = trend smoothing factor. 

T( is computed using the following formula ; 

T» =Tt_i-t-P(/< — where /« = Fi — F(_i 


Computation of a trend-adjusted forecast is a four step process. 
Step 1. Compute F<, a simple forecast for time period f. 

Step 2 Compute ti by using tt = Ft — F«_i. 

Step 3. Calculate the exponentially smoothed trend by using 

T. = Ti-i + P {r< - T.-i) 

Step 4, Finally, calculate a tread-adjusted forecast by using 
Fi'= Fi-f 

P 


Table 1 


Period 

Demand 

1 

13 

2 

18 

3 

20 

4 

17 

5 

23 

6 

25 

7 

31 

8 

30 

9 

34 

10 

35 

11 

38 

12 

39 
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F't = Fi+ 

Let us illustrate how to compute a tread adjusted exponentially smoothed 
forecast using the demand data in Table 1 and smoothing constants a and p equal 
to 3 and 25 respectively Let the initial forecast be 12 5. The trend-adjusted 
forecast for period 2 is computed as follows : 

The first step is to compute Fj 

F, - Fi -f a (Di - Fi) = 12,5 + .3 (13 - 12 5) 

= 12 , 65. 

The next step is to calculate f* 

= F, - Fi -= 12.65 - 12..50 = .15 

Ti can now be calculated assuming the initial trend adjustment is 0 : 

T., =- fj 1- (5 (li - Ti) = 0 f .25 ( 15) --- .0375 

Finally, the trend adjusted forecast for time period 2 can be computed ' 

F,' F, 4- T, = 12 65 + 3 (.0375) » 12.7625. 


Table 2 


Time period 

Actual 

Demand 

F, 

ft 

Tt 

Ft' 

I 

13 

12.5000 

0 

0 

1 2 5000 

2 

17 

12 6500 

0 15000 

0.037500 

12 7625 

3 

20 

14.2550 

1.60500 

0.429375 

15.5431 

4 

17 

15 9785 

1.72350 

0.752906 

18.2372 

5 

23 

16.2849 

3.06450 

0.641292 

18.2088 

6 

25 

18 2995 

2 01451 

0 984598 

21 2533 

7 

31 

20.3096 

2.01016 

1.24099 

24.0326 

8 

30 

23 5167 

3.20711 

1.73252 

28.7143 

9 

34 

24.4617 

1.94498 

1.78563 

30 8186 

10 

35 

28.0232 

2.56149 

1.97960 

33.9620 

11 

38 

30 1162 

2.09304 

2.00796 

36.1401 

12 

39 

32.4814 

2.36513 

2.09725 

38.7731 
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TlME 

Fig 2 


Doing the same calculations for the remaining time periods for the time 
series data shown in Table 1 results in trend adjusted forecast arc reflected in 
Table 2 Fig 2 graphically contrasts the unadjusted and adjusted forecast for 
the time series in Table 2 

Ex Consider the set of data values in Fig 2, 


X 

y 

X 

y 

. 100 

57 

60 

46 

70 

43 

50 

45 

30 

35 

20 

26 

40 

33 

10 

26 

80 

56 

90 

53 


Now assume that the variable referred to as x is really time and that we 
associate the x values 10, 20, 30 and so on with the values 1, 2, 3 and so on. 

(a) Would you expect the exponential smoothing model 

Ft = a Di +(1— «)Fi to produce a good fit for these data ? Why ? 

(b) What relationship would you expect to hold between Si and Yt ? 

(c) Suppose a was originally set equal to 0.5, would you increase or 
decrease a to get a better fit solution. 
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Solution : Consider the scatter diagram for the given data. 


Fig. 3. 

(a) The scatter diagram shows that Y appears to increase with /. Since the 
model F( = * Dt + (1 ~ *) Fi_a is designed for systems m which vari- 
ations in Yi occur at random (that is, where there is not a regular 
pattern of change) the model will probably not produce a very good fit. 

(d) One would expect F« to be smaller than Di because Ft is a weighted 
sum of terms, most of which arc less than or equal to Yt. 

(c) One would expect a better fit by increasing the value of a since this puts 
more weight on the most recent, and thus larges, values of Y 

Investment Decision through Simulation 

One of the critical areas of decision making by business Executive is 
choosing among alternative capital investment opportunities. It is not the problem 
of projecting return on investment under any given set of assumptions that is very 
critical but to evaluate the degree of uncertainty and risk involved in these 
assumptions which when taken together multiply into a total uncertainty of critical 
size. Thus the management should have a clear picture of the relative risks and 
the probable odds of coming out ahead or behind in the light of uncertainty. 
Prof. David B. Hertz while evaluating the risky investments has proposed the use 
of a simultation model to obtain the expected return for an investment proposal. 
To carry out the analysis. Prof. — Hertz proposed following three steps : 

(/) Estimate the range of values for each of the factors like selling 
price, sales growth rates and so on and within that range, the likelihood 
of occurrence of each value i.e. develop the probability distribution 
of uncertain factors in the system. 
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(/«) Select at random from the distribution of values for each factor oi 
particular value i e generate to a set of random numbers and associa 
each one of them with the respective probability distribution to dete 
mine the expected value for each factor in the model Then combir 
the values of all the factors and compute the rate of return (or prcsei 
value) from that combination. 

(ill) Repeat the above procedure a number of times to define and evalua 
the odds of the occurrence of each possible rate of return. The resu 
will be a listing of the rates ot return that one might achieve, rangir 
from a loss (if the factors are not favourable) to whatever maximu 
gam that is possible with the estimates that have been made 


The variability of outcome values from the average is determined. This w 
help the management to select investments having the same return but with Jowi 
variability When the expected return and variability of each of a senes ' 
investments have been determined, the same procedure may be used to study tl 
effectiveness of various combinations of them m meeting management objectives 


In evaluating an investment proposal, the following factors are to 1 
considered 


(i) Market size 

00 

(ill) Market growth, rate. 

Ov) 

(v) Investment required. 

(vO 

(vii) Operating cost. 

(vui) 

(ix) useful life of facilities 



Selling price, 

Market share, (in physical sales volum 
Residual value of investment, 
fixed costs, and 


For each of these factors, probability distributions are developed bas 
upon management’s assessment of the probable outcomes. The next step in t 
simulation approach is to determine the returns that will result from randt 
combinations of t'-e factors involved This requires realistic restrictions such 
not allowing the total market to vary more than some reasonable amount from y< 
to year A computer can be used to carry out the trials for the simulation proo 
so as to obtain more accurate results. The process is repeated a number of tim 
each time we obtain a combination of values for the nine factors and the corr 
ponding return on investment When sufficient number of trials are carried o 
we can plot a graph for the rates of return and also obtain a frequency distributu 
From this frequency distribution, we can evaluate the expected return and l 
variability of tKi^ expected return or risk. In other words, we can determine 1 
probability that an investment will provide a return greater than or less thai 
cerlain amount. By comparing the probability distribution of the rates of retu 
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the management is in a position to evaluate the respective merits of different 
investments involving risks The block diagram for the simulation procedure is 
given below 

Simulation and Financial Planning 

A modern business corporation faces major financial decision making 
problems in varying situations and at different stages of its development The 
preparation of company budget for the management decisions, is one of the most 
complex problem with which the planning department has to deal Following are 
the critical quantities to be decided by the President in the decision making 
process 

1. Amount of money to borrow 

2. Amount of existing debt to pay. 

3. Amount of dividend to pay. 

4. Amount of money to allocate to production. 

5. Amount of money to allocate to research. 

6. Amount of money to allocate to marketing. 

7. Amount of money to allocate to capital investment in production and 
research facilities, resp. 


The president realizes that expenditure today must be motivate4 by the 
desire to enhance future as well as current returns. Therefore, he must take a 
“long-term” viewpoint. Thinking in terras of, for example, a 15-year time period, 
he wants to make his decision m such a way that not only the 15 ^^rs profit* 
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will be high but also the future prospects for the firm, at the eud of 15 years are 
good. Consequently his goals are three fold, namely. 

1 to maximize the discounted streams of profit during time horizon 

2. to maximize the firms market share at the end of the time horizon 

3 to maximize the firm’s physical capital m the form of production and 
research facilities i e , maximize the capital existing at the end of the 
time horizon 

The President realizes that enhancing any one of these objectives can only 
leave a smaller budget to further the other two objectives. Thus, given a budget 
constraint, he cannot liberally try to maximize all three simultaneously Hence 
It will be very difficult to construct and solve an optimization model In order to 
assist the President, the planning department develops a strategic corporate model 
which operates by simulating the President’s problem on a period-by-penod basis. 
The output of one year’s activities forms part of the input for the next year. This 
general idea is illustrated in Fig 5 below As this figure shows, the simulator 
can be though of as a black box that receives inputs and generates outputs. In 
any oneyear (say 1) it receives the following input : 

1 External inputs 

(a) The set of exogenous parameters 

(b) The set of presidential decisions 

The simulated output from the previous year (/—I) 
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the management is in a position to evaluate the respective merits of different 
investments involving risks The block diagram for the simulation procedure is 
given below 

Simulation and Financial Planning 

A modern business corporation faces major financial decision making 
problems in varying situations and at different stages of its development The 
preparation of company budget for the management decisions, is one of the most 
complex problem with which the planning department has to deal Following are 
the critical quantities to be decided by the President in the decision making 
process 

1 Amount of money to borrow 
2. Amount of existing debt to pay. 

3 Amount of dividend to pay 

4 Amount of money to allocate to production. 

5. Amount of money to allocate to research. 

6. Amount of money to allocate to marketing. 

7. Amount of money to allocate to capital investment in production and 
research facilities, resp. 

The president realizes that expenditure today must be raotivate4 by the 
desire to enhance future as well as current returns. Therefore, he must take a 
“long-term” viewpoint. Thinking in terms of, for example, a 15-year time period, 
he wants to make his decision in such a way that not only the 15 years profits 
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will be higli but also the future prospects for the firm, at the end of 15 years are 
good Consequently his goals are three fold, namely. 

1. to maximize the discounted streams of profit during time horizon 

2 to maximize the firms market share at the end of the time horizon 

3. to maximize the firm’s physical capital in the form of production and 
research facilities i e , maximize the capital existing at the end of the 
time horizon 

The President realizes that enhancing any one ot these objectives can only 
leave a smaller budget to further the other two objectives. Thus, given a budget 
constraint, he cannot liberally try to maximize all three Simultaneously. Hence 
it will be very difficult to construct and solve an optimization model In order to 
assist the President, the planning department develops a strategic corporate model 
which operates by simulating the President’s problem on a period-by-period basis. 
The output of one year’s activities forms part of the input for the next year This 
general idea is illustrated m Fig 5 below As this figure shows, the simulator 
can be though of as a black box that receives inputs and generates outputs. In 
any oneyear (say /) it receives the following input : 

1 External inputs 

(u) The set of exogenous parameters 
(b) The set of presidential decisions 


The simulated output from the previous year (t— 1) 





etc. 
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SiiiLc vi.ar 0 docs not cxiit, il ts olivioiis that ati iiititial ,tt of “outputs” 
ist be jirovulcd to do the Simulation in year 1 'I he simulator itself contains 
)dels (a simulation model is olten a collection of submodels) that reproduce and 
'date pcitment aspects These models use the inputs to make various endogenous 
cisior.s like price and the quantity piodueed 

11k overall model then simulates the beliaviour ol the system under the 
ndiliors that would exist if these inputs and endogenous decisions had actually 
cused li does so by using random number to select an “actual demand” from 
statistical (1 .tnbutioii and then by dctcrmniing what would happen if this 
mand had o ciiiicc' I he appropriate distribution of demand is itself determined 
some Loinlimal lon ol external inpu's (exogenous parameters and management 
visions ) and c n 'ogc nous decisions I-or example, the distrii/ulion esf demand 
ight bedeteimmed by the geiuial state of the ccommiy (an exogenous 
irametcr), the level of marketing activity (a piesidential decision) and 
e pi ISO (ail I iviogcneous decision) Given the price, quantity produced and 
he aetu.d demaiul ’ the simulator can calculate Die gioss revenue and prohts 
icsecpiintiticsdelerminenewfmanci.il position, which is part ol tlie internally 
nerate'd input to the next period of activity In this next period, new values for 
c exogenous |nr.imetcrs are input Financial results from the previous time 
'nod, augmented possibly by a decision to borrow at the beginning of this new 
•nod, are now used to determine the available funds for a new set of budget 
locations Tlie model continues to operate in this manner over a sequence of 
iiie periods Tlius with a given sequence of exogenous parnmeteis and presidential 
-cisions the model unfolds the future, .md discounted tutuie profits over any 
ven tunc hoi i^on can be obtained In this way, the model is used as a tool to 
iploic some of the interactions between various presidential policies and 
iOgenous conditions 



Supplymentary Study Material on SA & DP. 


C«%iteDts 

Applicdtioas of data processing devices (in conjuction with Study 11 run 
flowcharts) 

— Purchasing 
— Production scheduling 
— Cost accounting 

Electronic Data Processing budgets (in conjuction with Study V) 
Financing the use of computers 
— Renting 

V 

— Purchase for manufacturer 
— Leasing 

Outside consultants and service bureaus 



FURCHASK ORUKR 


III addition to Its stock and inventory syytem, the company C has mecha- 
nised its purchase order system Inputs to the system arc 

to Items to be ordered tape of step 17 Irom Inventory control application 
(ii) Vciidoi histoiy tile, 

(111) Open purcliLise order master file 
(ir) lll','ent^'ry receipts 
Outputs to be generated are 
(/) Ihiri^h ISC orders 
(ii, t.’as!) flow commitments 
(in) (jverd le deliveries report 
(iv) Vcndoi performance report 
Draw a lun flow chart and explain the process 

li xplanation 

1 I Ills process continues from stcji 17 o( in\ cnio/y control lik 1 lie ‘Items 
to be Old. red’ lile is sorted by vendor code Tills step is appiopriate because 
several items ni'glit be ordered from the same vendor, .ind such items should all 
be included in one purchase order 

2 Ihe above order list is then processed together with the ve/iJor /ii 5 /ory 
/lie and o/>c/i pnrthasc order file to prepare purchase orders 

3 bor each purchase order, the vendor's name and address, shipping 
arrangements and credit terms are fatched from the vendor history Jile 1 he ordei 
list includes all data on items ordered for each purchase order, 

4 A purchase order number is assigned sequentially according to the next 
highest number available on the open purchase order master An original and four 
copies of each new purchase order arc printed out 

5 The new purchase order is also added to the open purchase order jile 

6 Once a week a report of short run cash How commitments according to 
the open pwch-ne orda master is printed This report is provided to the controller 
for planning short-run cash flows 

Weekly reports These operations are performed once a week to generate 
reports for use in purchasing department 

7 Inventory receipts are sorted by purchase order number 

8 The open purchase order master file is updated using these receipts 
Quantity received are subtracted from quantities on order in the file Orders, which 
have been completely supplied, are removed from the file 

9 The above computer run also generates a report on overdue deliveries 
The overdue delnenes report lists for which the expected delivery date has passtd 
without the order having been received This report is provided to the purchasing 
department for following up on these vendors 

10 The magnetic tape file of lendor performance repoit is also generated with 
performance dat i tape contains information on each vendor concerning such matter 
runs The vendor as compliance with requested delivery dates, discrepancies 
between quantity ordered and quantity received, price quoted and prices billed. 
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Fig I 

11 Vtiidkir performance tape is sorted oy the vendor >.ird^ iiumacr 
12. This tape is processed to update the sendoi hioioiy tile lor tin. current 
performance factors 

13 llitsprOwCss generates a report of vendor perlorm.m.e, sumnvarinog 
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J'rodiiclion SclKlulmg 

I 

One ()[ the major functions of a production planning department is to prepare 
daily jiroduction schedules for all factory production department The production 
' schedule for each dcpartipent lists all operations to be performed in the department 

( eathday, mcUiding the production order number, the machine number, total time 

requircii, start and stop time, priority of the order, the location from which the 
work 1,1 process IS toariive, and the location to which it must be sent when 
Lomplflcd 
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This activity is assumed to be performed daily in the computerised system. 
The basic nie used in this system is the "production order cost and operations data 
jile" winch is the integration of open production order and work in process data 
This flic contains both physical and cost data for all operations and material connec- 
ted with the order In addition, it is assumed that standard cost data are recorded 
on this file The run flow chart is depicted in Fig 2 vide page 34 — 

1 The process begins with keypunching verification of move ticket data. 
These tickets serve as an evidence of completion of an operation at one work 
station and transfer of the work to the next scheduled work station Move tickets 
are received during the shift from the factory and assembled into batches at the 
completion of the shift 

2 Batch totals taken include a record count as well as hash totals of produc- 
tion order number and quantity of units completed The batched tickets are then 
keypuched and verified 

3 This batch of move tickets is then sorted by production order number 

4 Sorted move tickets data is processed against 'production order cost and 
operations data file' to update the record of operations performed on that file 
Hence current record of operations still remaining to be performed for each produc- 
tion order is maintained 

5 Run 4 generates two outputs : 

(i) Printed listing of error transactions and summary information 

(ill Tape listing of operations scheduled for performance during the forth- 
coming shift Each record of this tape includes the production order number, 
operation number, department number, work station number, quantity to be com- 
pleted. standard time required for each operation, indication of priority of each 
operation and the appropriate sequence of performance of operations 

6 This tape is sorted by department number and processed by a special 
program which prepares department production schedules for all production depart- 
ments This program contains data on machine and labour capacity of each 
department and is usually very sophisticated one 

Cost accounting 

A run flow chart of daily computerized operations for tost accounting appears 
m Fig 3 vide page 36 and 37 The chart has been divided into three separate 
areas : application materials costing, labour costing, and finished goods file update 

Materials Costing 

1 Input to material costing operations is the material issues tape generated 
as an output of Inventory control application step 19 Each record on this tape 
contains the requisition number, production order number, department code to 
which the materials were issued, quantity issued and unit cost 


2. This tape is sorted by production order number 


3 Sorted material issues tape is processed against the production order cost 
and operations data file. This computer run updates the material usage and cost 
records m this file. As an output of the run emerge : 


(i) a printed list of error transactions and summary information, which 
includes the summary journal entry debiting work in process and crediting raw 
materials mventroy, and (u) a tape of material usage date containing actual vs. 
ndard usaaa and rasultina cost variances for all comnleted onerations 
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4 'Inc latter tape is ^orted by the department no and processed to gener- 
ate daily material usage reports for each production department. 

Labour costing 

5 Input to the sysli.ni are job time ti.-kcts of which a specimen format is 
given in Tig 5 vide page 38 



pAOeioc: kioi 
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Job Time Ticket 


IJjtC 


Dept No 


Department name 


Prod Ord 


I nip no 


Oper no 

Name 


Operation description 


Hourly rate 


Start 

time 

1 

Stop 

time 

Total 

hours 

1 

Qty completed 

Approved bv 





Department foremam 

Fig. 5 


6 These job tickets are assembled into batches and batch totals tomputed 
whieh iiKlude record count and hash totals of employee number, pay rate, and 
hours worked Job time records are then keypunched and keyvenfied 

7 Job tunc records file is then sorted by production order no 

S Next operation is to process this file against production order cost and 
operation tile fhe tunc of completion of operations and labour rate data are posted 
til the production order cost and operations data (POCOD) file. This process also 
caluilates applied overliead costs and records these costs in the file 

9 Tlic lirst output of this process is a printed listing of error transactions 
and summary information which includes the summary journal entry debiting work- 
in procc^'^ and crediting the payroll and manufacturing overheaad control accounts. 
It also contims the batch totals which are compared with those compiled manually. 

10 A second output of this processing is a tape of labour coU efficiency 
data I his tape contains the actual and standard time and standard labour rate 
ot all operations performed by ail production employees dunng the day 

1 1 This tape is sorted by department no. and employee code and is 
processed to generate a daily cost efficiency report for each production department 
ANpec linen of this report is given in Fig. 6. 



Daily Labour cost efficiency Report 
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12 The third outrsut of this process is a tape listing of all cost data for 
priiilii(.tion orders which are completely finished as a result of operations 
r^rrcsentcil hy Ibr loh lime v.aTd All records of such o'-ders can be eliminated 
Ironi I'le I’OC Of) liL, smee they no longer represent worl,-m-process iiivcntoiy, 
nor do they require any ^uriher production scheduling 

I inished (toods Update 

13 Ihc completed job tape is sorted by finished goods inventory stock 
number 

14 I be sorted file is processed to update the finished goods inventory 
master for the completed stock The outputs which are generated from this run 

re 


(/) Prin'cil listing ot error trart^actions and summary information containing 
snmm iry |oarnal entry debiting Roods and crediting work-in process for 
th„ cost ol manufacturing the items 

(;/) Printed rcpoit 111 the form of a series of completed production cost 
summaiisc tor each product completed f.ach of these summary reports 
details all jiroduclion cost tor the particular order 
(ill) I be ifafus re port of finished goods stock This report is assumed to 
be prepared once each week rather than once a day 

FDP budgets 

The cost of a computer is substantial Consequently, it is important to use 
good managcmciit policies when consideiing a first computer or replacing an 
existing computer system The smallest third generation computer being offered 
in India today rents for about Rs 30,000* per month and can be purchased for 
approsimatc'lv Hs 1 1 “i I ikhs However the computer harwdarc is only the tip of 
the iceberg as fai is costs are involved Apart from the direct costs ot the computer, 
, in inst illation attracts a number of other expenses, which a nomce buyer does 
not anticipate 

How much should a company spend on data processing ’ This is a critical 
question often asked by IZDP managers and non-EDP managers alike and is quite 
dilhcull to answer. There are a variety of criteria and yardsticks by which to 
evaluate EDP budgets One can use industry statistics as a base point for measuring 
expenditures ag iinst the average for a company of about the same sales volume 
within the same incfustry Obviously this brings up the question of what economic 
return or benefits arc afforded by the computer. If one uses the return on 
investment tools and economic evaluations, the company with the highest EDP 
budget could be the most effective Another consideration is the level of appli- 
cation saturation Two companies might be spending equal amounts on data 
processing While one company has the major administrative and logistical 
application areas computerized within an MIS framework, the other company only 

•Figuers (or rales) quoted here and m the subsequent material are indicative and need not 
be dulhcntic 
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ha5 administrative and clerical operations running on the computer Suffice it to 
say that direct comparison of LDP budget is not the most realistic base point trom 
which to view the effectiveness of data processing 

With this disclaimer m mind, let's talc a look at a survey conducted by 
Booz Allen and Homilton' in 19(17 who analysed the average expenditure on data 
processing of 108 U S Companies The average expenditu.c over ail companies 
was found to be 0 5l% of sales With this standard, an Indian company with a 
turnover of Rs I crore sliould spend Rs 57,000 per year on data processing It 
must be realized that in the US a large fraction of the expenditure is for 
applications that replace clerical labour In India, these applications are not 
so important due to the lower manpower costs Thus, even if computers were 
applied in India with the sophistication of the west, the expenditure should be 
considerably lower This study also showed that the percentage of salts spent on 
EDP increased with the number of years o! experience the company had with 
EDP This is not surprising if viewed from an organisational point of view The 
connater dcpai tment, once established, tend to proliferate and expand to more 
sophi-.ticatcJ and expensive hardware, larger and costlier staff and multifarious 
applications 

Now let us study a recent analysis of data processing budgets made by 
Datamation Magazine Although these indicators are broad averages, they are 
interested in timt a company can at least determine whether it is spending more or 
less than the industry average. These Ggures -can be used as a starting point to a 
more comprehensive evaluation of data processing effectiveness The average data 
processing installation spends the following percentage of its budget on the functions 
listed. 

Function Percent of total budget 


Personnel Expense 

52 0% 

Hardware & Maintenance 

38 O'.’o 

Media, Supplies & Accessories 

7 0“-o 

Packaged software 

1 0% 

Communication L.mes 

0 7% 

Outside Personnel Services 

0 6% 

Outside Data Processing 

0 4% 

(dther r^'o^ts 

0 


100 0“'„ 


It emanates from the above table that the computer hardware constitutes 
only a small part of total cost A large initial investment is involved m starting a 
computer depirtment Even if the computer is rented, a one-time installation 
charge has to be paid to the manufacturer This covers import duty, if all or part 
of the computer is imported, freight, insurance, etc Apart from the direct costs 
of the compute!, the computer room has to be specially prepared with air- 
co.iJitionmg a id false flooring Some furniture has also to be acquired for work 
facilities Typical initial costs for a small computei installation are shown in 
tabic 1 i 
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Typical initial costs for a Small. Business Computer Installation. 

Table 1 1 



Cost 

Typical magnitude 

1 

One time charge covering 
freight, packing, insurance 
and customs and excise duty 

Rs 90,000 to Rs. 4,00,000* 

2 

Site preparation including 
airconditionmg false flooring 
and accessories for the tom- 
putei rodm (storage racks, 
tables, card trolley, large waste 
bin etc ) 

Rs 45,000 to»Rs. 1,00,000 

3 

Purchase of magnetic tapes and 
diski 

Rs 30,000 to Rs. 50,000 

4 

One time change for off-line 
card-punching equipments (12 
punches and 8 verifiers) 

Rs 10,000 10 Rs. 25,000 

In addition to the initial cost, there arc number of recurring costs which a 
computer installation has to bear These costs include rental for the computer and 
card-punching machines, overheads for the floor space, electricity, air-condttioaing 
etc The cost o( cards and stationery and a large expenditure on operations and 
orogramming staff are other recurring costs Table 1 2 shows typical recurring costs 
for a small computer installation 


Typical rccuiring costs for a small computer Installation 


Table 12 



Cost 

Typical magnitude per month 


1 

Computer r-'nl 

Rs. 

30,000 to Rs. 

60,000 

2, 

Cards 

Rs 

5,000 to Rs 

12,000 

3 

Stationery 

Rs 

5,000 to Rs. 

10,000 

4. 

Other ancilliary computer equip- 
ments like printer ribbon 

Rs 

2,000 to Rs 

3,500 

5. 

Purchase of magnetic tapes and 
disks 

I’s. 

3,000 to Rs 

15.000 

6. 

Electricity (for computer, air- 
condilioning, card punchihg 
equipments and lighting etc ) 

Rs 

3,000 to Rs 

3,500 

7. 

Maintenance of air-conditioning. 

Rs. 

1,000 to Rs. 

2,500 

8. 

Floor rental, maintenance and 
other overheads 

Rs. 

10,000 to Rs. 

20,000 

9. 

Staff costs (management, systems, 
programming and operations') and 
overheads 

Rs. 25,000 to Rs. 

50,000 



Rs 84,000 to Rs. 1,76,500 


^Fiaures quoted above are merely indicative and need not be authentic. 
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These charges assume a rented compu^r If the computer is purchased, then 
the one time charge in table 1 1 will incieasc by the purchase price In table 1 2, 
the rental will be replaced by a much lower maintenance charges Some manu- 
facturers also charge extra for training courses foi customer personnel and for 
technical manual supplied to them These costs have not been included in table 
1 1, 1.2 above 

Service Bureaux 

We have discussed above that installing inhouse computer is a costly 
affair Thus a small user faces the problem of justdying such a large initial and 
recurring expenditure Also, he may not want to get involved m the setting 
up and staffing of a computer department until a few applicaiioas have shown 
results For such a user, a number of consulting and service bureaux exist that 
provide computer time and services to clients on a fee basis This service is avail- 
able eitnCr on an as-needed basis or on a continuing contract basis 

7 here arc a large number of such service bureaux operating in India Their 
charges very Irom Rs 1 50 to Rs 1200 per hour over a wide range of computer 
capability The qinlity of service winch is offered by such centios vanes widely. 
Some bureaux arc run by companies who have acquired a computer for their own use 
and rent out the spare time. 1 heir rates are low and times inconvenient and custo- 
mer service non existent The user has to arrange for his own machine operator, 
tapes, disks, cards and stationery This type of bureaux is good for persons having 
experience m EDP and wanting cheap computer time On the other hand, some 
service bureaux provide operators, cards, tapes digks etc if needed Such bureaux 
are customer oriented and it is better to start the work with suth firms, though 
they arc somewhat more expensive than the sp.nc-time rentcis 

Alternatively, the user can entrust his entire job to a service bureau Charges 
of such buieaux vary considerably depending on the rcspansioilities undertaken 
and the standing of the hrm. The charges are made up of fixed cost for systems 
development work and also variable cost which depends on the volume of the data 
processed. For example, the financial accounting for a company with a turnover 
of about 1 crore can be done for less than Rs 4000 a month These figures are 
of course, merely indicative, costs for individual system will depend on the parti- 
culars systems requirements and service bureaux 

Financing the use of computers 

After deciding which computer to acquire, the basic configuration and a 
general plan for its expansion, a further decision has to be taken as how to 
finance the use of a computer. There arc three major approaches to financing the 
use of computer, lenting or leasing from the manufacturer , purchasing the com- 
puter ; or leasing it from an independent leasing firm. We will now discuss these 
three alternatives in brief. 
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Renting • 

lliisisthe most common financing method Until a few years ago, most 
Lompuu I s vM re renlcil on the assumption that technological progress would soon 
make tticm obsolete In icnlirig method, the ownership ol the equipment lests with 
the manu'aLtiiring company ami lienee the client is relieved of the risk of ob 
soiescciH' 1 lie rent IS charged on ,1 monthly basis All basis for rent is the re- 
covery ol p'lr.iiase cost in three to four years The rental price also includes 
rnainicii iFue fur iisaig each piece of hardware There a;c differences in the 
rental agrcinicnt that difrereiit manuf.icturets use, but the most common agree- 
ment calls lor a b ise rent il for a certain number of hours (say 200 hours) of actual 
use per nioiith fins represent in 8 hour sliift per day for an average month of 25 
working (lays I lours aho\ e 200 ,ii e usaally charged at a lowei rate (c g 30 per 
cent ol ihc implied liourlv rate for the first 200 hours) 

The user can most often cancel a stanrlan! n nial agreement on fairly short 
notice (usually about two or three months) Manufactureis offer reduced rental 
rates for companies that are willing to sign Ai//c2/«,g, long term leases (three to live 
ye irs) for ardwire Users may also get the hardware on rent with options to 
purchase 

1 he in ijor <i<lvantages of renting arc, the absence ol a large capi'al outlsy, 
the ill uuifaeturer’s assumption of all mainten.inre of liardwarc, and the remov.il of 
the risk ol h.irdwarc obsolescence Of course, the latter risk is not entirely icmoved, 
since the user has large amounts of funds invested in Mich things as site prepara- 
tions, employee training and systems and programming woik that may be partly 
‘lost’ if the computer is replaced by a diHcrent niaiuifacturer’s computer 

The major disadvantage of renting a computer is tlie higher total cost 
Manufacturers cenciaily base rentals on a livc-ycar life for the harJwhero, but 
modern computers are more likely to have productive ‘'lives’’ of closer to cicht or 
nine years 

Purchase from the Manufacturer 

The user buys the data processing equipments and the equipment becomes 
his own properly The in ijor incentive for purchasing a computer is tlie savings to 
be had over the life ot the equipment Tlicrc is also a tax advantage because of 
an investment credit pros ision of the income tax law- Also, managers have begun 
to realize the enormity of the problems associated with changing computers A 
purchased computer that has been performing satisfactorily for say, three years has 
already paid for most of its cost and there would seem ten be little reason for 
changing over The operating costs of computers are small compared to their 
purchase price or rental Even if new computers are not introduced the 
computational capabilities still exist, and one can tarry on the work for many 
years until the requirements substantially expand or alter Besides, the cost and 



45 


retraiuing involved 111 a cliaiigo over die avoided In very special eas.s the new 
equipment may provide the possibility of radically different and more effective 
systems and this may justify replacement. 

Purchasing, rather than renting equipment can also carry some financial 
benefits In India, a development rebate is allowed in the form ot a concession on 
purchased equipment provided some other conditions are met Also, import licences 
and investment grants, in the form of Government loans at low rates make pur- 
chase look more attractive. 

On the other hand, the problem with purchasing is that the purchase 
assume-, risks lelated to obsolescence, hardware reliability, and mamtenaiice of 
the hardware. \n organisation may either anange for a separate contract for 
maintenance ot the equipment, or, if the computer department is too large, the 
maintenance pcfsonnel of Its own 1 he latter method involves stocking of compo- 
nents and all the associated attendent problems Further, a plan for gradually 
increasing the power of the configuration, howc/cr, dibtoiiragcs purchase Rented 
equipiiient is gLiicijIly inu^h ^jsici to replace Companies dealing iii used computer 
equipment Mil, iu, -sever, buy uS'.d pciiplier.il. .iiid icplacc them by taster ones at 
very goo 1 uMin . ^ lotlur soluti m is to pjr..hase the part sf co ibgui.ition that 

IS suppose! to be Ujable for, say, three or four years like the central processor and 
on rent the rest that is expected to be replaced sooner. However, in any case, the 
break even point is dependent on such factors as number of shifts that the hard- 
ware will be used 

Leasing from third-party Organization 

A company that has examined the obsolescence and reliability problems 
and has concluded that purchase is the best alternative, may not Lave funds 
available, or, perhaps using the funds tor purchasiag computers will restrict future 
sources ol lunds Under these circumstances, the possibility of leasing from an 
independent leasing company should be examiued 

A lease typically provides for the purchase by a leasing company ot the 
specific computer configuration that the user desires The leasing company, then 
leases it to the user Lease agreements vary, but usually they have provisions such 
as the ones discussed now The operating lease generally covers a period of two to 
five years An operating lease can be cancelled, or it terminates when the lease 
payments equal to purchase puce Under the lease principle, an agency, or a third 
party assumes a longer leasable life for the equipment and offers it at a rental lower 
than that offered by the manufacturers Another form of lease, called the financial 
lease, covers a longer term, and can not be cancelled by the lessee The lessee 
makes the lease payments over to lease period although such payment have 
exceeded the purchase price of the equipmeut. The financial lease method guaran- 
tees the full return on the equipment and, for this leason, many leasing companies 
prefer financial lease to operat!*'i lease. In a financial lease, the monthly rental 
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piiyMe by the k'^SL'c induiks j puiho’i totvutj^ interest clungcd by the k^sor 
In other ivojcJs, the lessor charges the lessee for providing equipment as weJl as tlie 
funds 


The advantage of \easing IS that the toU* lease payments ate usually lower 
than the total iiayments on the rental basis The user can choose an equipment 
and arrange tor Its lease by a leasing company Tins will allow li'iu to spread 
his investment over the lease period [be main disadvantage is that the user has to 
entci into a n .micriaiKc contrai^l with the mannhieturcr and cannot hold the 
leasiiig company responsible lor its maintcr.ance 

Some u''Ci nay some devices while certain other devices are ii.jittJ or leased 
Such a rombiiMlion ollei ; iiiLfeusing ilexibiiity to the user, lie can virtually choose 
dilferent manutaetui ers lor dillcrenl items ot equipment, sadi as Ci'U, mput/output 
peiipherals, tcrrmiuil devices, cotitruiler, etc , and acquire them cm ditlerent basis. 
e q , CPU on rental basis, input/outimt pcriphenaK I'liough lease and terminals 
by outiight purchase Fins has become possible with tne emergence ot those specia- 
lising in the manufactuie ol controlleis 

Outside Consultants and Service Boieau 

It an organisation can benelit irom computer processing but cannot justify 
spending money on keeping 'ts own computer, a data processing sei vice bureau 
may be the answer Fliese service centres located in most cities, are businesses that 
provide data processing services to the users Ihnr seivice can range Irom proces- 
sing on unit r.cord equipment to s'optusticated computer systems operating on a 
time-shanng or batch processing mode A service bureau can provide ‘total’ service 
to a user This includes system development, programming, data p.reparation and 
execut'on of jobs on the equipment The fees are charged separately for each of 
these tasks. 

A user may avail nmvself of the services from a service bureau in place 
of manual processing in case computational or data processing complexifies can 
justify the use of facilities Irom a service bureau Service bureau facilities 
are provided by many le idmg computer manufacturers Some organisations which 
have installed computer system also offer facilities during tlieir spare time In 
some cases, these organisations allow <be use of a computer and its associated 
peripherals requiring the usets to have their own programs, opeiators and other 
supplies (eg cards, stationery, tapes, etc ). These ate organisation established as 
service bureaus, having systems and programming and operating staff Some of 
these service bureaus specialise in the type of applications and also by industry 

In a typical service bureau, three disiinct functions can be identified (a) 
selling, (6) system development and programming, (c) production T he sales- 
man makes a preliminary study of the user’s requirements and estimates the com- 
puter time, recurring and non-rccurring, as well as the efforts required for system 

4bvclopinent and programming. Baaed on theee eatimatea. he makea a onotat^^ 
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which will cover both one-lime fees tor the system devclopmeul ^md tccuvring fees 
for regular production runs The salesman may involve the systems analyst at the 

time of preliminary study if the system IS a complicated one Alter the client or 

the user has accepted the quotation, the service bureau proceeds with the 
work of detailed systems design and progt mimmg Once th systems and programs 
are tested, the user’s lilcs are converted to the computer syst<'m and the results arc 
observed for some time to detect any system or program faults The outputs are 
examined by the user’s internal audit staff or any other representative to check the 
completeness and accuracy of the results produced by the system. 

Instead of going for complete service from a service bureau a user can buy 
time on hourly basis Under this arrangement, (called block time) the user must 
have his own systems and programming personnels, develop his own programs 
and equip himself with all the supplies fn other words, he must have all these 
things required in an in-house computer system, except the computer equipment 
Thus, the selling organisation provides the hardware on a icntal basis lor a fixed 
time, no services or programs are provided 

The advantage to the user is that this nuthod gives him experience m imple- 
menting the computei -based information system covering one or more areas in his 
organisation The use of block time allows the user to have absolute control and 
security over the data and programs An organisation intending to install a 
computer will profit by experience it acquires by the use of block lime 
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What is Data Processing 


The word “data” is the plural of “datam” though “data” is commonly 
used as both m the singular and plural forms Data can be defined as any fact, 
observation, assumption or occurrence They arc useful knowledge or information 
of value to an individual or business They are factual material used as a basis 
for discusssion, decision, calculation, or measurement Data are compiled to 
form reports, letter, figures, or documents etc 

Data can take the form of numerical or alphabetical characters or special 
symbols (viz =, +, %, Rs etc.) Some important data definitions are given 
below 

Digit A simple numeric character 0, 1, 2, . 9. 

Character A single alphabetic, numeric or special symbol 

Data Item {field) A set of characters which are used together to represent 
a specific data element « g , a name item contains the alphabetic characters in a 
name, and an amount item contains the numerics in an amount 

Record: Consists of a group of data items related to an object of data proces- 
sing c g, a payroll record for an employee contains such data fields as name, age, 
qualifications, sex, wage rate etc 

Data file is a compilation of related data records maintained in some pre- 
arranged order Files are usually created function wise e g , a payroll file might 
consist of 1000 individual employee’s data records and the records might be 
arranged in file by employee number 

The relationship of a character, data item, record and the file is shown in 
figure— 1 below 



Fig. 1 
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Jnformalion Information is organised or classihed data so that it has some 
surprise value to the receiver. For example, the daily production figures are raw 
data for the managing director to whom they have little value as such If how- 
ever, they are aggregated for the month and the shortfalls computed against the 
plan, It becomes information that would prompt him to apply some corrective 
action so that production rate is accelerated to match the plan 

Data Processing is the restructuring, manipulating, or reordering ol data by 
people or machines, to increase their usefulness and value for some particular 
purpose Data processing can be performed manually with the aid of such simple 
tools as paper, pencil and filing cabinets or clcctro-mechanically with the aid of unit 
record machines or electronically with the aid of a computer which is the major 
concern of this and following study papers 

Regardless of whether the system used to process the data is manual, 
mechanical or electronic, certain fundamental operations must be performed. 
These operations are : 

1 Recording 

2 Classifying 

3 Sorting 

4 Calculating 

5 Summarising 

6. Reporting 

Recording ; Recording is the transcribing of data into a permanent form 
e ^ , writing the quantities of goods received on manual ledgers or Kardex cards. 
As we shall see later, in electro- mechanical or electronic data processing, writing 
by clerks on ledgers is replaced by codification on machine readable file 
media 

Classifying : — Classifying involves grouping of like items or transactions 
Data arc generally classified according to a code in the form of an alphabetic or 
numeric abbreviation In charting accounts, for example one may assign numeric 
codes to the various classes 1. asset account 2. liability account, 3 proprie- 
torship account, 4 income account 5 cost account or 6 expense account. 
There could be further sub-classes withm each class For example, the asset 
account may have a sub-class of CASH which may be assigned, thecodellto 
signify that it is the first sub-class. Thus classification may be carried down to the 
lowest level sub-classification 

Sorting ■ — Sorting is the arranging of data or transactions in an ascending 
or descending sequential manner Sorting may be by numeric or alphabetic code 
For example, the Indian States may be arranged in the descending order of popu- 
lation Like-wise, the sales vouchers may be sorted by voucher number The 
data field by which the transactions are arranged in a sequential order is known as 
the key; thus voucher number constitutes the key in the above example As an 
example of alphabetic sorting, the students in a class may be arranged alphabeti- 
cally in the attendance register The dictionary in which words of a language are 
arranged alphabetically provides another example At times, sorting may involve 
more than one field For example, you may want to have all the cities m Andhra 
m alphabetic order, then all the cities in Assam, and so on This allows case m 
reading a report. Airanging data or transactions in this type of order is known 
as major and minor sort The category that is the sub-division is known as the 
minor field, while the other field is known as the major field In the above 
example, the cities arc the minor field, and the states arc the major field 
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Sometimes, you may have to sort three fields to produce desired results. 
You niitv want voucher number within date within account head Or you may 
want villages within districts within states Thus there aie three sorting helds : 
minor, intermediate and major 

The procedure for this type of sorting is to sort with the minor field first 
followed by sorting with the intermediate field and finally sorting with the major 
field 

Cakiilulina A calculating is adding, subtracting, multiplying or dividing 
data to produce usable results Updating of stock balances or computing interests 
on amounts provide examples Advanced calculations (vu square roots) are also 
included 

Siminiai I'iiii!' Summarising involves the consolidating of data emphasising 
main points and tendencies It usually involves deriving totals, results percentage 
etc 


Reporiiiti^ The summarised data, whicli would have been derived after 
recording, classilying, sorting, calculating etc co istitulcs information and is 
presented to the man igciiicnt in the term of reports, reporting being the ultimate 
of all-data processing activities All these steps can be ]icrloinicd manually as 
well electro-mccli riiically or electronically as ‘o ho discussed at a considciblc length 
in the follow'iig pages Graphs, histrograincs, etc are also included 

The purpose of tins study is to provide an understanding of the meaning of 
data processing systems We have discussed data and its processing in this regard. 
Let us now take up the word ‘'system” 

A System can be defined as a group of interrelated componenis that seeks 
the attainment of a common goal by accepting inputs and processing tlicm into out- 
puts m an orgmised process Thus, a production system accepts raw materials as 
inputs and pioduoes finished goods as output with a goal of, peihaps, maximising 
return on investment and the components of this system men, machines and 
materials interact with one another in an organised manner 

A data processing system can be viewed as a system that accepts data as input 
and processes it into mtorination as output a and is sought to be depicted m 
Figure 2 The components in the manual data processing system would be men, 
I e , the clerical stall who perform data processing in an organised way with the 
goal of producing meaningful information Men would be using such simple tools 
as paper, pencils and filing cabinets Mechanical data processing systems utilise 
such mechanical devices as typewriters, calculating machines and book keeping 
machines The term non automatic data processing systems includes both manual 
and mechanical data processing systems 
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Automatic data processing implies the use of machines for data processing. 
It could either be performed electro-mechanically by the unit record method or 
electronically by the computer 

Unit record method The unit record method relies on human operators 
and electromechanical devices to pioccss data It is sometimes called the EAM 
electrical accounting machine) process In the unit record, or EAM system, data 
are stored in coded form on punched cards Data from each transaction are 
punched on a separate card (that is why they are termed as unit records ) These 
unit records are manipulated by unit record machines (discussed m appendix I) 
to input, process, and output the data 

The advantages of using this method of data processing include simplicity, 
relatively low cost ot equipment and reliability The system uses ordinary punched 
cards for storing and transmitting data Punched cards are easily hied, stored 
However, unit record accounting is practical for small to medium size business firm. 
Its accuracy and speed far exceeds that of the manual system. 

Electronic data piocessing - Computers were a natural and logical out- 
growth ot the unit lecord system. With the grwth of the company, it becomes 
inefficient to perform data processing through punched cards EDP offers 
better method of data processing at a low cost per unit processing as it relics 
on the computer and principles of electronics for processmg data Data to be 
processed by this method can be recorded on one of the several media for input 
Once the data are entered in the computer, they are manipulated by electronic 
means Calculations are performed at a tremendously high speed with unsurpassed 
accuracy and output is accomplished on high-speed printers and other output 
devices 

For large firms, the computer is the most practical means tor processing 
data. Minicomputers and microcomputer bring these advantages to the smaller 
firms also. 

A knowledge of the role, capacity, and, limitations of data processing 
systems is of value to everyone In fact, it is almost impossible to go through a 
day without encountering data processing in some form Government agencies, 
schools, hospitals, courts and law firms, and business of all sizes use data process- 
ing in some way The character and development of modern business is influenced 
by data processing Business decisions depend on the quality and accuracy of 
available data 

Management Information Systems (MIS) 

The terms data processmg system and MIS are often and wrongly used inter- 
changeably but there is a basic distinction between the two. An information system 
can be defined as a system which collects and processes data and disseminates infor- 
mation m an organisation. It is thus easy to see that the data processing system is a 
part of MIS (Fig 3). In other words, it is a sub-system of the management informa- 
tion system Information systems are organisational and application oriented. The 
marketing information system, for example, caters to the information needs of the 
marketing department of an organisation The management information system 
provides the necessary information to the managers and supervisors at various levels 
to enable them to discharge their functions of organising, planning and control and 
decision making A data processing system, in contrast, is hardware oriented i e., a 
manual data processing system, a mechanical data processing system, and electronic 
data processmg system, etc. By reading these study papers you are gathering data, 
and you are storing information i e , you are engaged in data processing or you can 
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be considerd as one engaged m data processing systems that make up the education 
information system Thus, in MIS, electro-mechanical or electronic equipment 



constitutes its sub-system and in addition men may be engaged m an organised way 
in collection of data and dissemination of information distilled and derived from 
data by the aforesaid system MIS may then be formally defined as an integrated 
man-machine system for providing information to support the operations, manage- 
ment, planning and control and decision making functions of the management ot an 
organisation 

Three levels of planning and control and their information needs. One of the 
management’s major duty is planning and control. This activity of planning and 
control IS carried out at three levels . top management, middle management and 
supervisory level whose information needs naturally vary and the extent to which 
data processing can be automated also vary Let us then discuss these three levels in 
a little detail since computer, being a data processing sub system of the MIS, is 
acquired mainly to support the planning and control activities at these three levels in 
any business organisation For fuller details, however, the student should refer to 
study VI 1 

Level I : Strategic Planning Strategic planning is undertaken to set the 
objectives for an organisation Its primary concern is to deal with major threats and 
opportunities for which obviously there cannot be a time table , therefore, it is not , 
periodic and is only undertaken as and when major threats or opportunities arise. Its ^ 
time horizon is long, usually five years to 15 years and is the domain of the top 
management and the corporate staff Though internal capabilities and the progress 
of an organisation are appraised its major thrust is towards the external environ- 
ment VIZ , competitors, political situation, economic undercurrents, etc The task 
of collecting the necessary information is not continuous but just a one time affair. 

Even in highly computerised organisations these tasks remain eminently human 
tasks The computer will help in many areas but it is more difficult to provide 
computerised information or assistance at this level for two reasons. First, the 
level of thinking is often complex and ill-structured and second, the needs are 
unpredictable 
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Strategic Planning tasks 

Determination of markets 
Longrange forecasts 
Directing research 
Choosing new product lines 
Setting financial policies 
Setting personnel policies 

Level Two Management control is the process by which managers assure that 
resources are obtained and used effectively and efficiently in the accomplishment of 
organisation’s objectives It is characterised by the following : 

(i) Its time horizon is usually one year and it concerns functional planning 
(and allied budgeting) VIZ , marketing, production purchasing, finance 
etc It IS undertaken within the tramework of strategic planning and the 
plans that are complied are supposed to support the objectives set 
therein 

(ii) Unlike strategic planning, it is a continual activity , it is periodic and 
rhythmic and concerns the middle management. Since the external 
environment does not figure so importantly, there is much less uncertainty 
than at the strategic planning level and consequently the plans are fairly 
realistic 

(in) Appraisal is constant and not too difficult. 

(iv) The emphasis is on both planning and control as more or less a continu- 
ous activity unlike in the case of strategic planning where the control is 
virtually non-existent Both planning and control are in the same hands. 
Basically, the management control tasks (listed below) remain human 
tasks but computer can provide a variety of information and analysis 
to assist the manager to compile realistic plans and exercise stringent 
control. 

Management control tasks 
Setting work budgets 
Planning Working capital 
Determining prices 
Choosing suppliers 
Sales management 
Annual forecasts 
Production scheduling 
Maintenance management 
Routine personnel administration 
Formulating rules for routine operation. 

Level 3 Operational Control : To see that profits are not lost through 
inefficient handling of men and machines, it is necessary to closely watch costs and 
the volume of work In other words, annual operations of production and distribu- 
tion have to be kept under a close surveillance The control activity at this level is 
known as the operational control In operational control, the emphasis is on day to 
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day or weekly planning and control There is hardly any uncertainty and the plans 
that are compiled arc in exact terras. Standards are set m exact quantitative terms 
and performance is appraised against these standards This enables an exact mea- 
surement of efTincncy Standard costing is of immense value at this level. The deci- 
sion-making involved in planning and control at this level tends to be repetitive For 
example, setting the economic order quantities, reorder levels over thousands of in- 
ventory Items are repetitive tasks to be earned out da.ly, weekly etc Obviouly, it 
would be a tremendous task manually to derive these ab initio. The decision-making 
can be progammed for these in the sense that decision rules for these can be derived 
once and for all by means of operational research techniques, etc , and the decision 
rules entrusted either to junior staff or to the computer. Therefore, the data proces- 
sing involved is quite amenable to automation. The actions at the operational cont- 
rol level can be likened to reflex actions in a living creature that can be handled by 
a low level mechanism that do not involve thinking in the central brain. 

Routine Operations or Reflex Actions : 

Recording of customer’s orders. 

Break down into parts and sub-assemblies. 

Determining net requirements of parts and materials 



Fig 4 

Shop floor data collection 
Preparation of work tickets 
Maintaining inventory records 
Reordering parts and materials 
Production of purchase orders 
Goods receiving 
Payment to suppliers 
Accounts payable 
Goods shipping 
Invoicing 

Accounts receivable 
General ledger 
Budget accounting 
Costing 
Payroll 

Quality control. 
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MIS can also be visualised as comprising such functional information sub- 
system as finance^ marketing, manufacturing, purchasing, research and development, 
etc Marketing information system, for example, would generate the information 
necessary for carrying out the marketing operations Figure 5 depicts the functional 
classification m the MIS pyramid. 



Fig 5 

Figure 6 superimposes the 3-tier planning and control structure of figures 4 
on to the functional structure of figure 5 There would be as many plans as the 
number of sections in this figure For deriving each plan and exercising control 
against It the MIS would provide the support by generating the necessary infor- 
mation. 



Figure 7 depicts roughly how the information is generated for the three levels 
of management planning and control activity. Obviously, the computer would be 
put to use in the data processing for such information generation. 

Introduction to the computer : The electronic computer was first created as 
an exotic calculating device designed to solve arithmetic problems for scientists and 
mathematicians. Today it has become «n indispensable tool, helping to shape 
the society it serves. Electronic computers arc now used m supermarkets, hotels, 
banks, hospitals, factories, government offices, schools and, research organisations. 
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5trategic Planning Level 


Management Control Level 


Operational Control Level 


What are computers 

The term “computer” can logically be applied to any calculating machine. 
However, m common usage, the definition of a computer has become more limited 
in contemporary usage We now define a computer as an electronic data processing 
device capable of receiving input, storing sets of instructions for solving problems 
and generating output with high speed and accuracy. Computers are composed of 
switches, wires motors transistors, and integrated circuits, assembled on frames. 
The frames form components such as typewriters, line printers, card readers, card 
punches, magnetic tape drives, and central processing units. These components are 
wired together into a network called a computing system, often called, a 
computer 
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The size of computer system vanes from small hand-held devices with 
limited capacity to huge machines occupying several large rooms. They may be 
constructed as a single integral device, or as many separate pieces of equipment 
remotely connected but functioning as a unit The individual parts may be located 
within the same building or scattered across the country, connected by telephone 
lines. 

Computers can perform a variety of mathematical calculations, ranging 
from simply adding and subtracting to solving complicated math equations that 
involve thousands of steps. They can repeat a complicated calculation million of 
times without error They can also print out whole paragraphs of text, write 
letters, draw pictures, or plot curves and draw graphs They can sort data, merge 
lists, search files and make logical decisions and comparisons. However, computer 
is devoid of any original thinking It does nothing what it is not told to do 
Computer is provided with a set of instructions by man professionally known as the 
programmer These instructions or statements arc recorded in a form that can be 
understood by a computer These instructions direct the computer through a 
series of steps to solve a problem. This set of instructions is called the program 
which controls all operations of the computers In other words, a computer 
obeys man m all its doings and hence any notion of mysteriousness about the 
computer should be dismissed ft is no doubt a revolutionary machine but the fact 
remains that it is a machine sub-servient to man. 

Types of computers . Computers arc distinguishable by the way in which 
they receive and process data Some systems process data of a continuous nature, 
others process numeric values represented by discrete electronic pulses 

Analog computers process data input in a continuous form Data such as 
voltage, resistance or temperature and pressure are represented in the computer 
as a continuous, unbroken flow of information In engineering and scientific 
applications where quantities to be processed exist on waveforms or continually 
rising and falling voltages, pressures and so on, analog computers are very useful 
For example, they are used to control processes in the food, and the petroleum 
industries As the measurement in an analog computers are carried out by a few 
single purpose devices, the analog computer offers low cost and ease in 
programming The main disadvantage of an analog computer is its accuracy 
factor, and the limited storage capacity Hence they are not suitable for processing 
business data 

Digital computers on the other hand count and accept letters or numbers 
through various input devices that convert the data into electric pulses, and 
performs arithmetic operations on numbers in discrete form In addition to 
performing arithmetic operations, they are also capable of (1) storing data for 
processing, (2) Performing logical operations, (3) editing or deleting the input 
data and (4) printing out the result of its processed routine at high speed One of 
the mam advantage in the use of digital computers is that any desired level of 
accuracy can be achieved by considering as many places of decimal as is necessary 
and hence are most suitable for business applications The mam disadvantage of 
digital computers is their high cost and the complexity in programming 

Since we are concerned mainly with business data processing in this and the 
subsequent studies, computer will now be understood to mean the digital 
computer 

Fundamentals of computer system : A system as mentioned earlier, is an 
assembly of methods, procedures or techniques that interact in a regulated manner 
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to form an organized whole for accomplishing specific functions. The human 
organism is one ot the nature’s most perfect systems The components of this 
system could be cMllcd input, processing, output and memory Input is accomplished 
through five senses viz ear, eyes etc Processing and memory occur in the brain 
and output through various actions However, people arc also capable of goal 
setting and self direction 

Comjniters are also systems, as such, are similar in many ways to the human 
organism. Input, pioccssmg output, and storage are also elements of the computer 
system The system is capable of logical deductions and to a limited extent self 
direction Tlie block diagram m Figure 8 illustrates these functions 



Fig 8 


Each of tlicsc units performs specific functions which are enumerated below . 

Input ■ A computer must receive both program statements and data to solve 
problems The entry ol program statements and data into a computer occurs by 
means ol an input device Some of the more common input devices arc punched 
cards, floppy discs, punched tape recorders, magnetic tape. Regardless of[the type of 
device used, they are all instruments of interpretation and communication between 
people and the computer 

Central processing unit : The heart of any computer is the central processing 
unit (CPU) It is this central processor that makes comparisons, performs 
calculations, reads, interprets and controls the execution of the instructions. It 
consists of three separate sub-units. 

(1) The logical and arithmetic unit, 

(2) The control unit, 

(3) Primary memory /storage. 
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Control Unit , The control unit, as the name implies, supervises the 
operations of the entire computer. It selects the program statement from the 
storage unit, interprets the statement and sends the appropriate electronic impulses 
to the arithmetic/logic and storage units to cause these units to carry out the 
operations required Thus, the control unit does not perform the actual processing 
operations on the data Rather, its function is to maintain order and direct the 
flow of sequence of operations and data within the computer The control unit 
also instructs the input device, when to start and stop transferring data to storage 
unit, and it tells the storage unit when to start and stop transferiing data to output 
devices. Hence it acts as a central nervous system for the component parts of the 
computer. 

Arithmetic Unit : Arithmetic and logic unit performs mathematical 
calculations, compares numeric and non-numenc values and makes decisions The 
data flows between this unit and the storage unit during processing Specifically, 
data IS transferred as needed from the storage unit to the arithmetic/logic unit, 
manipulated and returned to the storage unit 

Storage : The storage, or primary memory section of the computer consists 
of the devices used to store the information which will be used during the compu- 
tations The storage section of the computer is also used to hold both intermediate 
and final results as the computer proceeds through the program Common storage 
devices are magnetic cores, magnetic disk etc. 

Secondary storage Because the primary storage capacity of most computers 
IS limited. It IS both expensive and not always possible to hold a large volume of 
data and instructions in the primary storage Hence it becomes nccessaiy to have 
secondary or auxiliary storage for holding data and programs not currently m use 
The various secondary storage devices are the magnetic tape, magnetic disk and 
magnetic drum Punched cards or paper tape can also be used as a medium of 
secondary storage but it is very slow compared to the magnetic tape or disk The 
magnetic tape and disk olfcr fast access next to primary storage For this reason, 
these are widely employed for secondary storage 

Output devices ' Output devices like input units arc instruments of com- 
munication between people and machine They are used to record the results 
obtained by the computer and present them to the outside world They take in- 
formation m machine coded form from storage unit and convert it typically into 
a form that can be used (i) by human (e g printed) form, (ii) as machine input m 
another processing operation e g magnetic tape The most commonly used output 
devices are line printers, magnetic tape, graph-plotters, magnetic disk, etc 

Historical development of computers , 

The modern computer with the power and speed of today was not a solitary 
invention that sprang completed from the mind of a single individual It is (he end 
result of countless inventions ideas, and developments contributed by many people 
throughout the last several decades The history of automatic data processing 
begins with Charles Babbage’s attempt to build an automatic mechanical calculator 
at Cambridge, England, in 1830 By the 1930’s, punched cards were m wide use in 
large business, and various types of punched card handling machines were available 
In 1937, Howard Aiken, at Harvard, proposed to IBM that a machine could be 
constructed which would automatically sequence the operations and calculations 
performed. This machine used a combination of electro-mechanical devices, in- 
cluding relays. 



14 


First Generation computers 

UNIVAC (Universal Automatic Computer) was the first general purpose 
electrical computer to be available and marks the beginning of the first generation 
of electrical computers The first generation electrical computer employed vacuum 
tubes fhese computeis were large in size and required air conditioning The input 
and output units were the punched card reader and the card punches, Because of 
the inlicrently slow speed of these input/output units, the power of the CPU was 
subjugated to their speed IBM-650 was however, the most popular first generation 
computer <md was introduced m 1950 with magnetic drum memory and punched 
cards lor input and output It was intended tor both business and scientific 
applications 

7/ie set oni/ gencrai/on C(-wipM/'e/-y employed transistors and other sold state 
devices fheir circuits were smaller than the vacuum tubes, and generated less heat 
Hence tlie second generation computers required less power, were faster and more 
reliable IBM 1401 was the most popular second generation computer Thete were 
two distinct categories of the second generation computers for business and scientific 
applications They employed magnetic tape as tlie irput/output media Second 
generation computers successfully displaced the unit record equipment on cost bene- 
fit grounds in many an installation 

'I he Third i'cneration computers employed integrated circuit in which all the 
elements of an electronic circuit arc contained in a tiny silicon wafer The third 
generation computers are much cheaper and more reliable than the second genera- 
tion computers Tlioy are more speedy with much vaster capacity and admit 
connection of a wide variety of peripherals particularly magnetic disk units They 
are based on the principles of standardisation and compatibility The core storage 
of a given model of a computer can be expanded by adding modules and it still 
permits the use of older program The third generation computers can be used for 
both scientific and business applications 

The third generation computers permit multi-programming* which is inter 
leaved processing of several programs to enhance the productivity of the computer, 
time sharing’*' which is the use of the computer by several customers at a time, 
operating systems which optimise the man-machine capabilities and such data 
communications facilities as remote terminals They also permit use of such high 
level languages as FORTRAN and COBOL. The minicomputers are the latest 
development in the third generation computers 

The on facing page table shows the distinguishing characteristics of three 
generations •— 

Each generation of computers has an rtfect on the MIS centralisation and 
decentralisation issue The first generalion computers were high m costs and large 
m size , therefore information system were sought to be centralised to serve 
benefits of hardware economies The second generation computers were substantially 
cheaper and the trend was towards MIS decentralisation Third generation however, 
offered communication capabilities and the use of remote terminals and the trend 
was reversed to centralisation 

Charactn itic of computers • 

Computers can be characterised by functions A special purpose computer 
is designed to perform an espeical task and, theirforc, the instructions are inbuilt 
in the computer circuitry by the manufacturerso that the given task is performed 

Note : *These terms have been explained in the study subsequently) 
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quickly and efficiently. They are generally used for applications such as processing 
airline reservations or for solving navigational problems, etc 


Characteristics 

Function 

Scientific oriented 
1st generation 
Scientific computa- 
tion 

1 

Business oriented 

2nd generation 

Data processing 

Generdl Purpose 

3rd generation 
Scientific or busi- 
ness data proces- 
sing 

Basic hardware 
component 

Vacuum tubes 

1 

Transistors 

j 

Integrated circuits 

Access speeds 
(Seconds) 


10-3 

io-» 

Primary Storage 
Device 

Magnetic drum 

Core memony 

Integrated circuits 

Programming Lan- 
guage 

Machine 

Symbolic 

Problem oriented 

Internal Memory 
size 

2X103 

up to 1 6X 10^ 

10“ 

(No of characters) 


1 



However, the special purpose computer lacks completely in versatility i e , it 
cannot be used for any other task 

General purpose computers. General purpose computers can be used for many 
business, scientific, educational, social and other applications They arc capable 
of storing different programs of instructions and offer a fairly extensive instruction 
repeatories to write programs with Not only a wide variety ofjobscanbe 
handled by these but also the old programmes can be amended oi dropped 

Scientific and Business computers : This distinction was important in the 
early computers but it stands very much blurred now-a-days 

The scientific and business applications do differ greatly m their data proces- 
sing characteristics Scientific problems involve enormous amount of complex 
computation on a relatively small input data and their output, too, may rarely 
exceed a line or two on the continuous stationaiy Since inpul/output volume is 
low in scientific applications the speed of the input/output peripherals is more or 
less irrelevant but that of computations is highly important since there do arise 
scientific problem that may take several man-months or even man-years of com" 
putations Reverse is the case with the business applications The input-output 
volume IS very high The arithmetic is neither voluminous nor usually complex. 
Therefore, business applications would c.all for fast peiipherals Another 
difference is in the storage requirements The scientific applications would have 
usually long programs but handle not much input data to be stored m the 
primary memory , therefore the storage requirements arc modest as compared 
to the butinets applications where not only the program is longish but also 
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considerable input data may have to be stored m primary memory. Therefore ; 
the internal storage requirement of business applications are usually high. 

It IS a fact, however, that many companies used business oriented computers 
for scientific applications and vicc-versa but this dual use led to inefficiency 

The third generation computers have blurred greatly the distinction between 
the two categories of the computer Certain software and hardware control 
features together with a wide range of peripheral equipment permit many central 
processors to flexibly and efficiently serve both types of applications. 

Concepts of Computer files 

As vve mentioned m the beginning of this study, a file can be defined as a 
collection of related information Just as there are files (accounts ledger and 
Kardex cards) in manual systems, there are files in computer systems too , but the 
media is usually magnetic so that the computer can itself read the files As men- 
tioned above, computer performs arithmetic computations and is extremely fast in 
this function Upon reading the files and the details of transactions, it can update 
the file Besides, it can produce such output as replenishment orders in the works 
and vendors in an Inventory control application and pay slips m a payroll appli- 
cation Data Flics used in business can be divided into seven types, such as 
(a) master files, (b) transaction files, (c) reference files (d) table files, (e) report 
files, (f) historical files, and (g) back up files 

Maitcr files ; A master file contains relatively permanent records for 
identification and summarising statistical information A product lilc, customer 
file and employee file are examples of master files The descriptive information 
m a master file may include such items as product code, description, specifications, 
etc Statistical information, in a customer master file, contains amount outstand- 
ing, age of outstanding etc 

Transaction files ; Transaction files are created from source documents 
used for recording events or transactions These are detail files, and the informa- 
tion IS used for updating the master files If the processing is of the batch type, 
the transactions are accumulated for a period and a transaction file is created at 
the end of the period. The typical source documents, from which transaction 
files are created, are : purchase orders, job -cards, invoices etc 

Reference files : These files contain keys of records in other files In 
order to retrieve a record from a file, the reference file is first searched to find out 
in which file a record can be located. 

Table files ; These are in the nature of catalogues or price lists 

Report files • A report file is created from records in other files m a 
meaningful and concise form A sales performance report and a report on 
materials rejected are examples of report files. 

Historical files These contain statistical information of past periods. 
These files are used to analyse trends or make comparisons of one period with 
another and so on. 

Back-up -files ; These are copies of currently used master files kept in the 
computer Ubrary (/ e collection of all computer files) as a measure of security. 
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Input and output device and media. 


No matter how powerful the computer is, it is useless unless it is fed data 
and programs. Communication of data (stored in the form of file) is accomplished 
by input and output devices. Except when direct entry keying is involved, all 
data-transfer methods use some type of media (e g punched cards, magnetic tape, 
magnetic disk or machine readable source documents). We will now discuss 
some of these media and I/O devices in detail. 

Punched Card : The oldest and still the most popular method of encoding 
information in a machine sensible or machine readable form is by punching holes 
in specially designed cards. The punched cards were devised by Hollerith during 
his servicas in U S Census Bureau to cope with enormous calculation work inherent 
in any census These became so popular that he left his job and undertook the 
manufacture of these cards and the associated processing machines His company, 
through a senes of mergers, is today the formidable international combine, the 
IBM, the manufacturers of a wide ranging business machines. There is another 
card marketed by Remington Rand which, however, has found only limited 
acceptance; therefore, that is not discussed in these study notes 

Physical details The standard IBM punched card is made from paper or 
plastic, IS 7^" long, 3^" wide and 0 007" thick One of the corners usually, the 
top right One, is cut to help keep the cards right end in processing The card has 80 
columns equally spaced m the length of 7i". Each column is divided into 12 
equally spaced rows which are numbered 9, 8, 7, 6, 5, 4, 3, 2, 1, 0, from bottom to 
top and rows 11, and 12 above 0 in this order. But they (II and 12 rows) are not 
printed on the cards whereas others are These figures are intended to be punched 
to represent digits, 0 to 9, alphabets A to Z and some special symbols as explained 
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Fig. 9 

in the following paragraph. Usually, under 0 and 9 rows are printed the column 
numbers 1 to 80 to avoid any visual confusion about the column numbers and serve 
no other purpose whatever A punched card is inexpensive, can be had m diffe- 
rent stripes or colours for differentiation viz, payroll, stock control, etc. The layout 
disussed below may also be got specially printed on them. 
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Hollerith's Code permits coding of data in the punched card. 

A digit 1 $ simply written by punching a rectangular hole in the appropriate 
number in the column For example, 2 in a column is represented by punching the 
2 position in that column. An alphabet is represented by a combination of 2 
punched holes in a column The following table provides the Hollerith’s codifi- 
cation scheme for alphabets. 


Punch Positions for representation of alphabets 


Punch 


Punch 


Punch 


position 

Character 

positions 

Character 

position 

Character 

12.1 

A 

11.1 

J 



12,2 

B 

11,2 

K 

0,2 

S 

12,3 

C 

11.3 

L 

0,3 

T 

12,4 

D 

11.4 

M 

0.4 

U 

12,5 

E 

11,5 

N 

0,5 

V 

12,6 

F 

11,6 

0 

0,6 

w 

12,7 

G 

11.7 

P 

0,7 

X 

12,8 

H 

11,8 

Q 

0,8 

Y 

12,9 

1 

11.9 

R 

0,9 

z 


. Fig 10 shows the name of student and a date (21/05/1977) encoded on a 
punched card, 12, 11 and 0 rows are called Zone punches 


s 

U 

I i 

R 


I 

0 

s 

i 


2 

1 

0 

5" 

1 

9 

7 





1 



1 


■ 









1 

1 

0 

e 

0 

0 

0 

0 

1 

0 

0 

0 

0 

1 

0 

0 

0 

0 

( 

t 

t 

1 

1 

1 


1 

1 

1 

1 

J 

1 


i 

1 

1 

1 

1 

1 

1 

2 

2 

2 

1 

2 

1 

2 

2 

1 

2 

? 

2 

2 

2 

2 

5 

5 

} 

5 

? 

S 

3 

3 

3 

3 

3 

3 

5 

3 

3 

3 

3 

3 

k 

1 

U 

‘i 


R 

R 

t, 

R 

8 



L, 

c. 

8 

h 


R 

5 

S 

s 

5 

5 

5 

5 

5 

6 

1 

5 

5 

5 

5 

1 

5 

5 

5 

C 

6 

6 

fi 

6 

6 

6 

1 

8 

6 

6 

6 

G 


6 

6 

6 

6 

7 

1 

7 

7 

7 

7 

7 

7 

7 

7 

7 

7 

7 

7 

7 

7 

7 

11 

8 

8 

8 

a 

8 

8 

8 

8 

8 

8 

8 

6 

8 

8 

8 

8 

8 

8 

9 

9 

0 

1 

1 

9 

9 

9 

9 

9 

9 

9 

9 

9 

9 

9 

1 

9 

f 

i 

3 

k 


§ 


B 

9 


t 



li. 

>4 

s 

n 



Fig. 10 

Punch Position for representation of some special symbols 

N.B. The student ought to memorise the Hollerith’s codification scheme for 
alphabets above. He can, however, just have a look on the following table for 
representation of some special symbols each of which may require pun chin g in one« 
two or three positions in a column. 



19 


Punch position Special symbol 


11 

— 

12 

& 

12, 3, 8 


0, 3, 8 

» 

3, 8 

± 

11,4,8 


0, 4, 8 

% 

4.8 

@ 

0, 1 

/ 


Card Layout 


A punched card usually carries one transaction record or one master record Since 
there are 80 columns in the card the record, if more than 80 characters long, should 
be sought to be reduced to 80 characters or less by, perhaps, abbreviating some of 
the data items in the record. But where absolutely necessary more than one card 
may be employed for one record. 

The assignment of column numbers to the various data item of each record 
in a file leads to layout of the card for that file For example, a stock record may 
have the card layout shown in figure 1 1. All the records in the stock control file 
would be accommodated on a card each according to this layout. 



Fig. 11 

The top right edge of the punched card is chamfered as shown m figure 12. 
This helps to detectat once a wrongly placed card with its chamfered corner pro- 
truding out of the deck of punched cards. 

I \ 


Fig. 12 
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Type Code 

Consider a transactions file of stock transactions containing two types of 
transaction cards, receipts and issues. One column may by assigned to punch R for 
receipts and I for issues for differentiation by machines. 

Left-justified and Right-justified Fields 

Alphabetic fields are left-jnstified For a left-justified, data field, name of an 
employee (Column 4 to 20) the following is the correct way of encoding the three 
given names : 

Column No. 4 3 6 7 8 9 20 

R A M U 
S U B I R 
SAM 



Fig 13 

I 2 3 U 5 C T 8 



Fig. 14 
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The'debit/credit or ± Code. 


..c, .J+,rK,?;nT“.hr„iSed 'Sir™' •» 


The negative qualities arc encoded with 
digit. In figure 14 is shown encoded -5318 which 
machines would take it as —5318 as intended. 


an 11 punch over the right most 
would literally read as 531Q but 


*Off-line Punched Card Machines 


The records from the manual ledgers would be put on to punched cards bv a 
machine known as the key punch. The punched cards would be verified for correct 
punching on another machine known as the card verifier. The punched and verified 
cards may then be sorted by the key data field on a machine known as the card 
sorter. These machines are operated off-line i e , without any connection with the 
Computer These are discussed below briefly. 

The keypunch ; The key punch is the usual means of initially coding the data 
from source documents viz . for putting the records of manual ledgers on to punch 
cards (i e , file conversion) at the initial stages of computerisation or preparme 
transaction cards for receipts, issues, adjustments etc. viz , m inventory control from 
such source documents as goods received notes; etc The key punch is shown in 
figure 15 vide page 22. Its key board (Fig. 16) is not much different from an 
ordinary typwriter keyboard. 

It carries keys for all the numeric digits, alphabets (only upper cases letters) 
and special characters The card hopper can carry a maximnm of 500 blank cards 
The bottom most card m it travels beneath the punching station where it is punched 
column by column by the key punch operator who knocks the key board as per the 
information read by him from the source douments. If the last column punched u 
not column 80 the card may be advanced by pressing a special key. The punch card 
m the reading station and the blank card in the punching station then move together 
in a synchronised way This synchronisation feature permits data to be duplicated 
in the blank card automatically if desired and programmed. For duplication the 
operator would have to depress a special key (known as DUP key) so that the data 
sensed in the completed card will be automatically reporoduced in the same columns 
of the following card. Of course, if the data for the various cards is entirely 
different this feature would not be put to use. The punched cards travel to their 
ultimate destination, the stacker that, too, can hold a maximum of 500 cards. 


♦Synonymous with auxiliary or ancillary 
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A set of 12 dies (corres- 
ponding in the 12 punch 
positions m a column 
of the card). 


The 12 and 1 dies pro- 
ject to punch holes in a 
column of the card to 
encode upon operator 
knocking A on the 
Keyboard. 



Operation of the Keypunch Dies. 
Fig. 17 


The 12 and 1 needs 
project to sense A (m 
a column upon the 
operator knocking A 
on the keyboard 



Needle 1 gets jamped 
whilst sensing incor- 
rectly punched A 




Rejected Card 
Fig lE-A 



Okayed Card 
Fig. 18-B 


Operation of the Verifier Needles. 

Fig. 18 
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The verifier The verifier looks very much like the keypunch, the major 
diffeience being that instead of punching station there is verifying station which 
IS used to verify the accuracy of data punched by the keypunch operator. The cards 
punched in the keypunch are put m the hopper of the verifier and their path of 
travel is identical to the one on the keypunch. The verifier operator tries to key the 
data using the same source document The verifier station consists of thin metal 
needles that can pass through the punch holes If the key depressed correesponds 
to the holes in the card column the needles will pass through the holes allowing the 
card to advance one card column. If the holes differ from the depressed key some 
needles will be jammed, the machine will lock and a red light will go on The opera- 
tor can unlock the machine and depress a key two or three or more times If this is 
still wrong tlie card will be notched over that card column, and indication that 
column has not been punched correctly (see figure 18A) . the cards for correct card 
upon verification would be okeyed by a notch at the right edge of the card (as shown 
in figure 18 H) 

Card Sorter. Cards are sorted in a machine known as the card sorter Its 
schematic sketch is shown below Its essential components are: 

1 The hopper which can hold a maximum of 1200 punched cards 


CARO TRAVtiiiNa BLNMDl 
THF r^FNl^lNR MFCHAMIRM 



THE ZEJ^ING MEUONIZM. UPOFF 
THF PliFirnen uni r irj ^ 


5 ■ . 5 Z I 0 II iz R 

Schematic of Card Sorter 
Fig. 19 

2. Sensing Mechanism that consists of a single wire brush. This brush can 
sense a hole in a column of the card that travels beneath it The principle 
of sensing or reading is the same as employed in the card reader dis- 
cussed Page 26-271 i.e,, upon encountering a hole the brush contacts 
the roller upon which the card travels, generating thereby an electrical 
impulse. 
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3. Selection Switch that is used to select the card column that will travel 
beneath the sensing brush. It is set manually prior to the operation of 
the card sorter. If, for example, the key field by which a deck of punched 
cards are to be sorted encompasses columns 23 and 24 the selection 
switch, in the first pass (i e , set up), would be set at column 24 and m 
the second pass at column 23 

4. Thirteen stackers (or pockets more appropriately) numbered as R. 12, 
11, 0, 1, 2. ..9. Each pocket can hold a maximum of 450 cards. 

In the figure, the card column 4 is being read by the sensing brush which, 
upon encountering the hole at 1, directs it to pocket 1. 

Consider an example. The key field in an application encompasses columns 
25 and 26. The 9 punched have 10, 1, 6, 15, 3, 21, 69, 32 and 48 as the data in 
this field The cards ate to be arranged m an ascending sequence. The column 
selector is set at column 26 (the rightmost in the key field). The start key of the 
sorter is pressed. The cards fall in the 9 hoppers as shown in the figure 20 on 
p. 26 The cards in the 9 pockets are then merged m a deck with the cards of 0 
pocket at the bottom, cards of pocket 1 at its top and so on This deck is put in 
the sorter hopper The selector switch is given a turn to set the sorter brush at 
column 25 now. The start key of the sorter is pressed and the cards are sorted as in 
figure 11. The card deck is made as above and this is the final sorted deck 

Major and minor sort. The procedure for this type of sorting is to sort lowest 
level fields first, starting with the right most column and then the next higher level 
field again starting with its right most column In an application, having only two 
fields you would first sort the minor field and then the major field. 

If there were three fields you would first sort the minor, then the inter- 
mediate and finally the major field. For example, in a financial accounting appli- 
cation, the following types of transactions on punched cards may have been sorted 
by voucher number ; then date within account head : 

(i) Cash receipts and payments, 

(ii) Bank receipts and payments, 

(lii) Sales bills and 

(iv) Journal vouchers. 

Assuming that the voucher number is assigned columns 1 to 3, date is 
assigned column 4 to 9 and account head is assigned columns 17 to 20 the card 
would first be sorted by voucher number (columns 1 to 3), then by date (columns 
4 to 9), and finally by account head (columns 17 to 20). 

Alphabetic Sort. There are times when one sorts alphabetic fields, for exam- 
ple, name, product description, locations, etc. If we had to sort once on each 
column during a numeric sort, how many times do we sort in an alphabetic sort ? 
Twice, because there are 2 punches to represent a letter It may be noted that in 
the first pass on a column the cards would fall into pockets 0 to 9 and in the second 
pass on the same column the cards would fall into 12, 1 1, 0 pockets To the reject 
pocket, m general, would be consigned those cards that have unacceptable punches 
For example, a card carrying no punch whatever in the numeric zone would be 
consigned to this pocket m the very first pass. 
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PESULJ Of PASS I IS 



PASS .2 DlSTRieUTES PASS IR5SUL13 ON 
COLUMN 26 THUS 



RESULT OF PASS 2 IS SORTED LIST 

(^><3>^><g)^0K2^ 

Porting On A Card StvrTER 

Fig. 20 

We have discussed three machines : The key punch, the verifier and the card 
sorter. These machines are ancillary or preparatory in nature in that they are used 
to prepare the punched cards to be subsequently used in the computer. And these 
machines are operated off-line i e , they are not connected to the computer. All the 
master files would be converted from manual ledgers to the punched cards on the 
key punch and the verifier. They would then be sorted on the card sorter by their 
respective keys The punched card files arc usually stored in racks Transactions 
too, would be put on punch cards either as and when they arise i.e , singly or in 
batches on the key punch, verified on the verifier and sorted on the card sorter. 

Card Reader 

This IS a device which ‘reads’ the holes punched in cards and they are 
transmitted to the input area in the storage of computer’s CPU. 

There are basically two kinds of punched card readers : — 

(i) Wire brush type. 

(ii) Photo electric type. 
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Fig. 21 

The functioning of the former is sought to be depicted above. The card is 
sandwiched between a metallic drum and a series of 80 wire brushes and as such 
travels row wise. In case of punched holes, the corresponding brushes contact the 
drum below, thereby permitting electric impulses to pass. This enables reading or 
sensing of the card row by row The student might wonder at this stage why the 
card is read row-wise when the data has been coded in it column-wise. Well this 
could indeed be done with the set of 12 wire brushes but then the card would have 
to travel 80 columns making reading slower than in case of 80 wire brushes in 
row-wise reading 

Generally, however, there are two sets of 80 wire brushes through which a 
card has to travel In its first pass, a mere count of the holes is taken for the pur- 
pose of verification later In the second pass, the card is read as well as the count 
IS verified 

Photo electric card reader reads the card column wise and a light source and 
light sensing unit are used to detect punch holes. 

A card reader consists of the following units ; 

(a) Input hopper. Cards to be read out loaded m the hopper by the 
computer operator. 

(b) Reading station The cards travel from the input hopper to the reading 
station one by one and pass beneath 80 wire brushes or the photo elec- 
tric. Sensing unit constituting the read station. The cards are read 
row-wise and not column-wise to make the reading faster 

(c) Output stacker. After a card is read it is ejected and falls down into 
the output stacker. After all the cards have been read, they are removed 
by the computer operator. 

(d) Decoder. The contents of the cards are transferred into the CPU to 
which the card reader is electrically connected The cards are punched 
m Hollenth code which the CPU does not understand The CPU 
operates in binary mode to be explained later. 
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Thus, there is a translation problem from Hollerith code to binary codes 
The (Jctocitr unit fitted in the card reader does this translation. 
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Fig 22 

It would be useful to give an idea of the speed of the card readers Different 
models of the card reader have different speeds Models are available which read 
at speeds of 300,600,900,1200 and 2000 cards per minute These speeds are 
tollowed if all the 80 columns of the card are punched and have to be read The 
speed would be proportionately higher if less columns are actually punched Consider 
now, a model with the speed of 600 cards per minute It all the columns of the 
cards are punched the characters that can be read per second =■ 600x80—60—800 
characters per second which is the speed with which data is transferred from the 
card reader into the CPU 

Card punch (see to the right of fig 22) is similar to the keypunch But the 
keyboard would not exist Since the cards are not to be punched manually but by 
the CPU The CPU electrically transfers the contents of the up-dated records into 
the card punch which punches a blank card for the updated contents. It also has 
a decoder unit that translates the contents m binary codes to Hollerith code. It has 
a hopper that holds the blank cards travelling one by one beneath the punching 
station having 80 dies that punch cards row-wise and the stocker into which the 
punched cards arc finally ejected. 

Alternative Computer Media 

Having given the overview of the computer operation by means of punched 
card files, we now take up several alternative file media. 

2 Punched paper tape ; It is also one of the earlier media. It is available 
m continuous length, and is to one inch in width. It has 7 tracks (or channels or 
rows) and columns (or frames) running through its length. One column can carry 
one character in BCD (information is stored in the CPU using BCD number system 
explained m the later part of study). A round hole in a row of a column represents 
the 1-bit and no hole in a row of a column represents the o-bit. In the figure 23 is 
shown the name “RAMU” punched in BCD in a paper tape. The smaller holes are 
used merely by the drive sprocket mechanism for moving the tape. Typically, the 
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tape density is about 10 frames per inch Tapes with more or less channels are 
also available for different codification scheme 
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Fig 23 

Akin to the keypunch there are tape-writers with paper tape attachment 
which can be used for putting the records on to the paper tape directly from source 
documents manually off-line In addition, paper tape obtained as a by product 
of the output of cash registers, book-keeping machines etc may also be used for 
subsequent input to the computer. 

The punched paper tape readers and punches operate on the same principles 
as their punched card counterparts i e., the wire brush mechanism and photo elec- 
tric sensing , however, they are much lighter in size 

Modern punched paper tape readers operate at speeds ranging from 200 to 
1000 characters per second, those utilising the photoelectric principles being the 
fastest Information recorded on paper tape can be easily and quickly transmitted 
over telephone or telegraph wires at speeds of 115 characters per second Should it 
be necessary to transmit data over long distances and where the data are already 
recorded on another input medium (e g , punched cards), the data can be converted 
by the conversion machine from the punched card to paper tape and transmitted 
over telephone or telegraph wires to produce a duplicate punched paper ‘tape 
(See figure 24) The punched paper tape is then converted to punched cards or other 
media Though punched cards can be transmitted directly; it is more economical to 
first convert the data on to punched paper tape and transmit the paper tape. 
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With the punched card one is constrained to accommodate a record in 80 
columns If the record is longer it may have to be abbreviated, if it is smaller the 
card space would go waste With the punched paper tape there is no such limita- 
tion I e , the records can be of any length Also since recording of data is much 
more compact on the paper tape reading is faster Because of the continuity of the 
length of the paper tspe the following recording possibilities exist. 

Fixed length fields Consider, for the data field for a name as 20 characters 
long If a name occupie 4 columns the remaining 16 columns would be left blank 
1 e , each name would be occupying 20 columns 

Variable length fields In this scheme, the data items are assigned the number 
of columns exactly equal to their length. In the above example, the name of 
four characters would be assigned just four columns However, for the program 
to distinguish the end of a data field, a field marker would be used The field maker 
may be such special character as % For example, the two data fields : RAMU and 
28 (age in years) would appear on the paper tape as RAMU %28, of course, 
codified in BCD (See figure 25) Upon encountering the field marker % the program 
would know that the name data field has ended and the age data field begins. 

Fixed variable Length fields This method is a hybrid of above two 
methods of recording data on the paper tape Such data fields as product stock 
number, account number etc are treated on the fixed length field basis and others 
as the name of the customer, the name of an item etc. are tieated on the variable 
length field basis 

The paper tape, however is rarely used for the mastes files and its use is 
mainly confined to transaction files. It contends with the punched card m this 
respect and pros and cons of using a paper tape are discussed m detail below. 






Fig. 25 
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Advantages of punched cards • 

(i) The use of standard 80 column is ubiquitous In contrast there is a 
conversion problem from a wide range of formats in 5, 6, 7 and 8 
channel tapes. 

(li) Record can be inserted or deleted merely by inserting new cards or 
removing the existing cards. 

(iii) For program input use of cards is easier. 

(iv) Cards can be loaded in the card reader hopper whilst the computer is 
operating. In changing reels of paper tape time may be lost. 

(v) Cards can be sorted off-line and can also be processed off line by 
auxiliary equipment. 

(vi) card files are tidier than unreeled tape 

(vii) Error correction is easier— just pull out the incorrect card and lusert 
the corrected one in its place. 

(viii) Cards are more robust than paper tape 
Advantage of paper tape^ 

(i) It IS easier and cheaper to produce paper tape as a by-product lo the 
production of hard copy, vi? on typewriters or accounting machines. 

(ii) It IS less bulky 

(iiij Records cannot be lost or get out of sequence 

(iv) Variable length records are more easier to accommodate 

(v) Parity check can be provided 

(vi) It is telex compatible. 

(vii) It is cheaper. 

■ (viii) Its equipment is cheaper. 

(ix) It can be read in reverse 

(x) Errors during punching can be designated and ignored during 
processing. Cards, in contrast, have to be re-punched 

(xi) Paper tape reel is easier to the computer than its card equivalent. 

3. Magnetic Ink Character Recognition (MICR) 

MICR employs a system of printed characters which are easily decipherable 
by human beings as well as a machine readers. There is used a special printing font 
to represent characters In this font, each character is basically composed of 
vertical bars (see ‘'2” of figure 27) The characters are printed in special ink which 
contains a magnetizable material In “2” of figure 27 there are four small gaps and 
two bi? gaps When a character is subsequently read it is passed beneath a reading 
head and big and small gaps send m different types of impulses represented by 1 bit 
and 0 bit respectively Some of the characters are represented by the following 
codes, for example : 

0 0 0 1 1 0 0 

1 1 0 0 0 1 0 

2 0 1 1 0 0 0 

Y 0 1 1 0 0 1 

Z 0 0 1 10 1 

(The student need not memorise these codes). 
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Data can be input to the computer by reading a line on a document encoded 
m MtCR (Sec cheque of figure 26) MICR is mostly used for processing cheques 
in U S A. 

Advantage'! of MICR . MICR processes a very high reading accuracy Cheques 
may be smeared, stamped, roughly handled yet they are accurately read,(u) 
Cheques can be handled directly without transcribing them on punched cards, 
paper tape etc (m) Cheques can be read both by human beings and machines 

Disadvantages', (i) MICR has not found much favour from business, (ii) 
Damaged documents, cheques not encoded with amount etc have still to be cleri- 
cally processed 

Optical Character Reading (OCR) 

OCR also employs a set of printing characters with standard font that can be 
read by both human andfmachine readers The machine reading is by light scanning 
techniques in which each chaiacter is illuminated by a light source and the reflected 
image of the character is analysed in terms of the light-dark pattern produced Key- 
board devices are used to give the required print quality OCR has the potential of 
reading even handwritten documents straightway 
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Fig. 26 and Fig. 27 

Optical Character Readers can read upper and lower case letters, numerics 
and certain special characters from handwritten, typed and printed paper docu- 
ment!. The specific characters that can be read and whether the character must be 
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handwritten, typed or printed depends upon the type of OCR being used. Obvi- 
ously then OCR annihilates the time consuming step of transcription Before we 
delve into the common type of the optical reader we shall discuss and especial 
(though rather primitive) kind of optical character recognition known as optical 
mark recognition 

Optical Mark Recognition (OMR) 

Optical marks are commonly used for scoring tests. The below diagram ^ 
shows part (just the social security number in the US) of a typical test scoring 1 
sheet. It it marked by the person taking the test, and can be read by the optical I 
mark page reader. The optical mark reader when on-line to the computer system, i 
can read upto 2,000 documents per hour. Seemingly this rate is slow but the fact j 
that transcription has been eliminated the overall time is less than those of the con- 
ventional file media 
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Fig 28 

OMR can also be used for such applications as order writing, payroll, inven- 
tory control, insurance, questionnaires, etc. However, it is to be noted that 
designing the documents for OMR IS rather a tough task. They should be simple 
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Fig. 29 

to understand otherwise errors may result more perhaps than would occur in using 
a traditional source documents and keypunching from them Reverting now to 
the optical character readers they have a slightly irregular type face as shown 
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in the figure 29 They can read the characters printed by computer printers, cash 
registers, adding machines and typewriters Some readers can also read handwritten 
documents Figure 30 shows some handwritten characters that can be read by the 
recognition devices, most handwritten readers can be used to sort cut forms as well 
as to read data into computer storage 

Optical character readers can read from both cut forms and continuous 

sheets 


Technique of Optical Scanning . In all optical readers, the printed marks 
and 'or characters must be scanned by some type of photo-electric device, which 
recognises characters by the absorption or reflectance of light on the document 
(characters to be read arc non-rcflective) Reflected light patterns are converted 
into electric impulses, which are transmitted to the recognition logic circuits — there 
they are compared with the characters the machine has been programmed to recog- 
nise, and, if valid, arc then recorded for input to the CPU. If no suitable com- 
parison is possible, the document may be rejected. 


RdLt. 

CUPRfCT 


I'-'RllL Btb 

07.85^ 


r.LP.sf L00P3 

tJ68a3 

c>6'6fc>9 

(.(o/: I'lMI'LL 



bHAPEi 

02515 


(JINNK T 1 iNf b 

OPT 

^ 10 ! 

6LCXP UPINT 

iorxz 

CSAiZ 


Fig 30 



Advantages of OCR 

(i) OCR climm Ucs the human cflTort of transcription 

(ii) Paperwork explosion can be handled because OC'^ is economical at a 
high rate of input 

(ill) Since documents have only to be typed or handwritten not very skilled 
staff (like the keypunch operators) is required 

(iv) Furthermore, these input preparation devices (typewriters etc ) are much 
cheaper than the keypunch or the key-to tape devices 

Limitation of OCR 

(i) Rigid input requirements There are usually specific (and rather 
inflexible) requirements for type font and size of characters to be used In typing 
there is always the scope for strike-ovcrs, uneven spacing, smudges and erasures, 
and the form design, ink specifications, paper quality, etc become critical and have 
to be standardised 

(ii) Most optical readers are not economically feasible unless the daily 
volume of transactions is relatively high However, future developments in OCR 
are likely to make optic il readers much cheaper 

5 PRINTER is one of ihe most common output devices It provides the user with 
a parmanent visual record of the data output from the computer Printers can print 
on ordinary paper or on specially prepared forms such as despatch notes, invoices 
or packing slips Printers have been developed that are capable of printing from 
1 50 to 2 500 lines per minute, eacli hue consisting of as many as 150 characters 
Printers can broadly be subdivided into two categories impact and non-impact 
printers. The former are the most common. Ihc impact printers print inthe style of 
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type-writer with the difference that the various characters are cast on a wheel that 
strikes the paper together with the ribbon after a particular character has been 
revolved into position. They can be divided in two categories viz. chain printers 
and drum printers. 

Chain Printer : (Fig. 31) It has a chain that revolves at a constant speed 
in a horizontal plane The complete chain has a complement of the 48 numerals, 
alphabets and special symbols cast on it 5 times over. It is confronted by a set 
of as many hammers as the number of print positions say, 160 These hammers are 
magentically controlled The continuous stationery and a ribbon arc interposed 
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between a segment of the chain and the set of hammers. When a required character 
on the chain faces its print position the corresponding hammer is actuated 
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Drum Printers (Fig 32) use a solid cylinder There are as many bands on 
It as the number ot print positions Each band has cast on it the complement of 
48 numerals, alphabets and special symbols The drum rotates at a constant speed 
confronted by a set of as many hammers as the number of bands with the inked 
ribbon and continuous stationery interposed In one rotation of the drum there 
would be appropriate strikes by the set of the hammers In the first strike A ’s are 
printed in the appropriate print positions, followed by B,C, Z, 0. 1 .... 9 and 
special symbols one by one 
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Non-niipact Printer is the wnc-matnx printer (I’lg 33) It prints 
eliaiactcis made ot pattein ol dots formed by the ends of small wires arranged m a 
five by seven rectangle For the character to be printed its pattern is pressed against 
an inked ribbon to pi int the cliurattcr There are 47 usable dot patterns Non- 
impact printers however are not commonly used for the following reasons : 

(i) Special and more expensive paper is required 
(ii) Only one copy can be printed at a time 
(ill) The print is not as sharp or clear as with the impact printers. 

(iv) Output is difficult to copy on office machines 
Auxiliary Storarge Devices 

6 Magnetic Tape : Magnetic tape is a continuous length sequential file 
medium The tape contained m a typical reel would be 1/2" in width and 2,400 ft. 
m length Otlicr sices arc available Because of relatively fast transfer rate (the 
speed at which data is transfcired into (he CPU and vice versa) the magnetic tape is 
preferred to both pun hed cards and paper tape It is made of a plastic ribbon 
that IS coated one side with a magnctisable material By electromagnetic pulses, 
data are recorded in tlie form of tinv invisible spots on the iron-oxide side of the 
tape just as sound wavts form magnetic patterns on the tape of a sound recorder. 
Just as the sound can be played back from the tape recorder as many times as desired 
data can be read over ami again from the magnetic tape Also, magnetic tape, once 
written can be rewritten i e , data previously stored is automatically erased when 
new data is deposited in it 

The data is encoded m R C D m the magnetic tape, therefore, it has 7 rows 
(or channels) The columns (or frames) run through its length An intersection of a 
row and a column has a magnctisable spot. Thus a column has 7 spots which can 
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hold one character in B C.D , a magnetised spot designating the I-bit and the 
demagnetised spot designating the 0 bit The decimal number 7 is shown recorded 
in BCD in a frame of the magnetic tape in figure 34 



Fig 34 

There could also be 9 channel coding for the 8-bit alphanumeric codes, in 
which case the tape would have 9 rows or channels 

The number of frames per inch are usually not fixed would depend upon the 
type of tape Tape density typically ranges from 200 to 1600 frames per inch 

We likened the magnetic tape above to the tape of a home tape recorder. 
Just as the latter runs at a constant speed for being recorded or played back the 
magnetic tape also has to run at a constant speed for being read or written There is 
however, an important difference between the two Whereas the tape of the home- 
tape recorder moves continuously the magnetic tape moves intermittently (Fig 35) 



Fig. 35 
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i e. it alternately runs and stops. If we were to run the magnetic tape continuously 
we would have to read it in entirety into the CPU Since commercial files are fairly 
long this would require the CPU to be very large which is very expensive indeed ; 
therefore, we read a portion of the tape (this portion is known as the block), process 
it in the CPU, then read the next block and process it in the CPU and so on. 
Whilst a block is being read the tape would be moving at a constant speed. Whilst 
the read block is being processed in the tape CPU the tape should not be moving 
at a constant speed i e , it should stop Since however, anything running cannot 
stop all of a sudden and having stopped cannot pick up a constant speed all of a 
sudden, the magnetic tape, therefore, moves m cycles of constant speed — declara- 
tion — acceleration— constant speed, necessitating the separation of blocks by gaps 
(known as Inter-record gaps, IRG*s in abbreviation) which are blank i e , they do 
not hold any data 

A block would usually hold several records but if the records are exceptionally 
long each of them may occupy more than one record. If the records are of fixed 
length each block would hold the same number of records. It is a simple matter for 
the program to distinguish one record from another because each record is accom- 
modated in a fixed number of frames. 

If, however, the records are of variable length, the program would not discern 
where a record ends and the other starts if the adjacent records are merely juxta- 
posed together. Therefore, the variable records within a block are separated by a 
special symbol (viz ,>) that signifies the end of one record and the start of the next. 
Obviously one frame would be occupied by this special symbol and it would be 
used as many times as the number of records in the block. This mark is known as 
the end of the record marker or the record separator The use of the record marker 
is depicted m the figure below. RM’s may also be employed in fixed length 
records 
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File Layout : A data block may consist of 

1 A fixed number of fixed length records (fixed-fixed block). 

2 A fixed number of variable length records (fixed- variable block). 

3. A variable number of fixed length records (variable-fixed block). 

4. A variable number of variable length records (variable-variable block). 


1 . 


2 . 


To give an example for each of these ; — 


Block A 

Record Al 

150 characters') 

(450 Characters) 

Record A2 

— Do— 

1 


Record A3 

—Do— 

) FIXED number of fixed 
)• length records. 

1 

Block B 

Record B1 

— Do — 

(450 Characters) 

Record B2 

— Do— 

1 

Record B3 

—Do- 

J 


•These are also known IBG’s (Inter-block gaps) which, in fact, is a more fitting name. 
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1. Block A Record Al 

(408 Characters) ERM 

Record A2 
ERM 

Rrcoid A3 
ERM 

2. Block B Record B1 

(389 Characters) ERM 

Record B2 
ERM 
Record B3 
ERM 

1. Block A 

(450 Characters) Record A 1 
Record A 2 
Record A3 
Record A4 
Record A5 


1 SO Characters 
1 Character 
130 Characters 
1 Character 
1 25 Characters 
1 Character 

140 Characters 
1 Character 
123 Characters 
1 Character 
123 Characters 
1 Character 

90 Ch. 

90 Ch. 

90 Ch. 

90 Ch. 

90 Ch. 


1 

1 Fixed number of van- 
1 able length records 
1 ERM=End of record 
1 marker occupying Cha- 
I racter ERM’s are ncces- 
1 sitated by variability of 
I the length of the 
1 records. 


J 

1 

I Variable number of fixed 
I length records. 


2. Block B 

(360 Characters) Record B1 90 Ch 

Record B2 90 Ch. 

Record B3 90 Ch. 

Record B4 90 Ch. 

1 Block A Record Al 160 Ch. 

(428 Ch ) ERM 1 Ch. 

Record A% 120 Ch. 

ERM 1 Ch. 

Record A3 145 Ch. 

ERM 1 Ch. 


Variable number of 
Variable length records. 


2 Block B I 

(447 Ch ) Record^Bl 165 Ch. 1 

ERM 1 Ch, I 

Record B2 280 Ch. 1 

ERM 1 Ch. J 

It can be noticed that such a data flexibility would be almost impossibly hard 
to obtain in either punched card or paper tape 

File Reel Ralationship. Earlier we mentioned that reels up to 2,400 ft are 
most common This is, however, arbitrary and this length is chosen because of con- 
venience of handling Reels of 3600 ft. are in use Because of convenience m hand- 
ling, however, a longish file may have to be put on more than one reel Several 
smaller files may be put on one reel though to avoid confusion, it is desirable to 
have one reel for each file If a reel has many files all the files together arc known 
as physical files and individually as logical files. [Similarly if a punched card 
contains more than one record the individual records are called logical records 
and the entire card as a physical record]. 

Control character There is another character, control character, that is used 
by the program for distinguishing the master record from the detail records For 
example, in the punched card file, a customer’s order for 10 items may be put in 11 
punched cards. The leading card carrying the details of the customer is known as 
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the master card (Fig 37) It would be followed by cards carrying the stock data, 
one for each of the item on order. These following cards are known as the detail 
cards The master card carries a ‘X’ punch in a spctihed card column so that the 
program can distinguish it from the detail cards. The ‘X’ punch is then the control 
character in the case of the punched card files Likewise to distinguish the master 
record from its detail records a control character (viz. %) is put in the frame at 
the end of the master record in a magnetic tape file This is shown in the figure 
below 
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Fig. 37 

Tape Mark As we mentioned earlier, two or more files of records can be 
placed on one reel of a magnetic tape Each file in this case is separated by a tape 
mark (viz *) which will signify the end of that particular file. Shown below are 3 
separate files on one reel of mangetic tape ; Parts, Payroll and customer listings. 



Blocking. Placing several data records into one larger record ts called 
blocking. 
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Deblocking is, hence, obtaining the next record from a multi- record block 
(by the program) Or it might consist of the function of transmitting a block of infor- 
mation suitable for the output medium after having assembled it from multiple 
records or after having suitably fractionated a single internal record 

Beginning and End of the Tape A reflective marker, called the Load Point, 
marks the beginning ot usable tape Likewise, a reflective marker called the end of 
reel marks the approximate ending of the usable tape These are shown in figure 39. 
The markers are placed on opposite edges of the tape to allow the magnetic tape 
(read/wnte) unit to distinguish between them. 



Fig 39 


Lables. A reel of magnetic tape which has been recorded generally contains 
a handwritten description on the face of the plastic reel This description is written 
by the operation personnel at the time the tape was generated (written). The label 
bearing this description is affixed on the reel and is used during its subsequent 
handling 
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Aside from having a hand written description on the face of a reel, most 
written tapes contain a label record at the beginning and a record at the end of 
a given file of records The label record at the beginning of a magnetic tape file of 
records is called a header label The one at the end of tape file of records is called 
the trailer label The layout of these labels is discussed in study VI under file 
control section. 
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The header label contains the file details. These are printed out by the pro- 
gram for visual verification {the file) by the operator before processing begins. 
The trailer label contains the control totals to be discussed later. It is hoped that the 
student would get a better understanding of these in study VI and at the moment he 
may be content with the hazy idea formed about these now. 
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Fig. 41 

]lw Read/ Write Unit. Its sketch is shown m fig 41 

The tape moves across from the feed spool to the take up spool via the 
read/wntc heads The reservoirs are provided to keep the tape tension within fixed 
and close tolerance in between the heads. They also allow very fast acceleration and 
deceleration of the tape, to and from /he speed required for the data transfer with- 
out the inertia ol the tape reels causing the tape to snap 
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Fig. 42 
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The figure 42 depicts a computer configuration with a megnetic tape unit 
on each of the input and output sides for reading the B/F file and writing the C/F 
file and a card reader on the input side for reading the transaction file on punched 
cards. It is noted that constructionally the magnetic tape input and output 
units are akin i e., there are no differences In the former, the read head is activated 
and in the latter the write head is activated. Magnetic tape is more commonly used 
for master files than the punched cards. 

Magnetic Tape Encoder. (See figure 43) Like the keypunch, the magnetic tape 
encoder is used manually off-line via a keyboard attached for encoding the data 
from source documents into magnetic tapes The encoder itself may be used for 
verification as well. 
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Conversion Devices. There are conversion devices that can transfer the data 
from punched cards or paper tape on the magnetic tape These devices are operated 
off line Very often, data are first punched into cards and input to the computer in 
random order, they are then validated (i e , checked) and written to magnetic tape 
for further processing to take advantage of magnetic tape transfer speeds and 
flexibility. 

Uses of Magnetic Tape. Magnetic tape is used for (i) storing transaction files 
(ii) storing master files, (iii) storing programs, (iv) storing intermediate processing 
results (this will be more clear later in the discussion on sorting), (v) storing output 
data to be subsequently printed out. 

Advantages of the Magnetic Tape 

(i) The data transfer speed of the magnetic tape is much higher than that of 
the punched cards or the paper tape. The transfer speed refers to the speed with 
which a block of data can be read from the magnetic tape into the CPU. The 
following table is intended to give an idea on the transfer speeds of these and other 
media, some of which will be discussed later 

Typical Maximum 

(Thousands of charactersjsecond) 


Console Tapewnter 

0 015 


Paper Tape Reader 

1 

(2) 

Card Reader, 

0.3 

(1) 

Magnetic Tape 

60 


Magnetic Drum 

1000 


Magnetic Disc 

150 


Line printer 

1 

(4) 


I 
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(ii) The magnettc tape stores the data far more compactly than the punched 
cards or the jraper tape Also, il is much more easy to handle than the punched 
cards 1 he mfoi mation in a stack of punched cards over a ceiling high can be 
stored in a suiulc leel of the magnetic tape And it can indeed be reused ' The reels 
can also be slnrcil tlTiciently in racks that can be kept in the fire proof vaults and 
maintained by the tape Iibiaiian The punched cards and the paper tape are liable 
to be damaged and moistened The paper tape is also liable to be torn There is an 
ever prtsent ha7aKl of dropping a pack of punched cards The magnetic tape is 
immune from these hazards 

(ill) If desired the magnetic tape can be automatically backtracked. The 
punched cards would have to be shufUcd manually in order to move back. 

(iv) file inagiietic tape employs the internal code of the CPU and, therefore, 
there is no tianslation problem It is to be noted that there is special decoding unit 
lilted in the caid reader and the card punch to perform translation from Hollerith’s 
code to the CPU code and vice versa 

(v) A reel of magnetic tape is much cheaper than its punched card 
equivalent Also, for sequential application it is much cheaper than the magnetic 
disc 


(vi) It finds use even in predominantly magnetic disc installations where the 
contents of the in.ignelio discs are periodically dumped on magnetic tapes for 
purposes of lile reconstruction in case of tire, sabotage etc This point will be more 
clear during the discussion on overlaying in the disc later 

Disad\ iinlav’es 

(i) The punched cards and the paper tape can be intei preted by sight though 
with didiculty but tlie magnetic tape afl'ords no such possibility whatever i e., it is 
not at all human readable 

(ii) In the case ot the punched cards insertions or deletions of records are 
very easy. All that one has to do is to take out the records required to be deleted 
and put the new cards in the sequential order 

(ill) The magnetic tape is highly susceptible to damage by dust and magnetic 
fields in the vicinity (e g , electric motors nearby) 

(w) The magnetic tape is a sequential media and is not good for handling 
inquiries tor which the magnetic disc is ideal. 

Updating and Amendment Runs 

The only viable method for comparing records on two or more magnetic tape 
files IS by first sorting them into the same sequence, i e , the transaction file has to be 
sorted into the same sequence as the master file Occasionally there may be a double 
sort This applies, for example, to stock updating and allocation. In this application 
some movements have priority and therefore the sort must be into date sequence 
within stock number sequence 

Brought forward-carried forward file method (Figure 44). In this method, 
both the transaction file and b f master file are input in the same sequence Un- 
matching records are copied into the c.f, file whilst matching records are updated 
and then written on the c f file 
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Father-son Technique 

The brought forward tape and carried forward tape at any period are known 
as the father and son tapes respectively The brought forward tape of previous 
period IS known as the grandfather tape Referring to figure 45, for week 6, it can 
be seen that there are three tapes in existence during an updating run . — 

(i) The son tape (8,1 which is in the process of being created on a fresh reel. 
This IS, of course, the carried forward tape 

(ii) The father tape CFe) which was previous week’s son tape This is of 
course the brought forward tape 

(ill) The grandfather tape (Ge) which was the previous week’s father tape 

By retaining the previous week’s father tape (now grandfather tape) and the 
movement tape it is possible to reconstruct the previous week’s son (now father) 
tape in case of any damage to the previous week’s son or this week’s father tape. 
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Notation : F6=Father tape fos week 6 

G6=^ Grandfather tape for week 6 
S5=Son tape for weeks 5 
M5«-Movement (transactiou) tape for week 5 
Roman numerals indicate sequence of action. 

Fig. 45 

7. Magnetic Disc 

Magnetic discs are the most popular direct access medium By ^direct access 
we men that a record can be accessed without having to plod through the preced- 
ing records The other direct access media, magnetic drum (which is much 
more expensive) and magnetic ledger cards (which are much more slow) would 
be discussed later. The magnetic discs are made out of thin metal plates which 

The media discussed upto now are sequeential naedia in that records in them are sequenced 
in the ascening descending order of a key. 
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can be coated on one or both the faces with a magnetisable material Typically 
several discs are permanently mounted on a shaft as in figure 46 which shows a pack 
of SIX discs The upper face of the upper most disc and lower face of the lower most 
disc are not usable i e , they are not magnetisable, the intermediate discs, however, 
having both the faces as usable, meaning that there are ten faces to this disc pack 
which can be used. The shaft and, therefore, the discs rotate at the constant speed 
for the data to be read from them or written on them For reading and writing the 
data there are as many read write heads ai the number ol usable faces The read/ 
write heads can move in and out to access the data from a particular region of 
the magnetic disc faces. 

The magnetic disc can be likenned to a gramophone record for elucidation of 
the concepts of data storage and retrieval involved Just as the gramophone record 
has concentric tracks so is the case with the magnetic disc each face of which has 
200 tracks A song on a gramophone record occupies manv tracks, but a record 
of data on a magnetic disc can be stored in just a portion of a track, therefore, the 
tracks of a magnetic disc are further subdivided into a number of sectors or buckets, 
usually 8 to 10 Further, each of the bucket or sector can hold about 8 to 10 
records Consider a gramophone record cantaming six songs It is not difficult to 
see that we can have direct access on the gramophone record in the sense that the 
desired song can be listen straightway by just placing the needlehead over its first 
track This way we do not have to listen the preceding songs But if we desire we 
can also listen all the songs one by one sequentially. Thus, on the gramophone re- 
cord we can have both direct (or random! access and sequential access In the mag- 
netic disc too wc can have both random and sequential access It is to be carefully 
noted that m the gramophone record we do have an index of the song in its inner 
portion by referring to which we can access the desired songs The principle of 
indexing applies to direct access on the magnetic disc also At the time of data 
storage in the magnetic disc pack we have to compile an index which sequentially 
lists the keys of all the records and the addresses of buckets m which they arc 
stored Just as we could move the needlehead to the desired track on the gramo- 
phone record for random access, the CPU can command the read/write heads to 
move in or out to access the wanted record directly. 

As we stated above the magnetic disc can be used for both direct as well as 
sequential access and this would also be the case with the magnetic drum and the 
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magnetic ledger cards to be discussed later But m tlie sequential access media tliat 
IS punched cards, paper and magnetic tape it is not posible to have direct access. 
For example, consider a payroll file of 2000 records on the magnetic tape The 
manager wants to know the qualifications of 1992nd employee This would neces- 
sitate moving the records of all the preceding 1991 employees before this particular 
employee’s record can be accessed and the wanted informaoon supplied to the 
manager concerned 

As depicted in the figure below only one magnetic disc pack is connected to 
the CPU ami serves both as the input and the output unit Thus is in contrast to 
the punched cards which have a card reader on the input side and a card punch on 
the output side of the CPU The implication of this being that a record picked up 
from a bucket and updated in the CPU is deposited back in the same place in that 
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buchket This mode of storing updated data is known as overlaying i e , original 
data IS automatically erased when the new ;p I ited record is being deposited in its 
place This leads to economics m the sense th it fewer discs are needed but as a 
disadvantage it becomes dilBcuIt to trace any errors as unlike the magnetic tape files, 
it IS not possible to reconstruct the latest hie from the previous version. 

The time required in accessing a record has a generally two components, 
(i) The time required to move read write head to its track (ii) the time required for 
the disc to spin its bucket under it 

The total of these two components is known as the seek time and typically 
ranges from 200 to 600 miliseconds 

As we emphasised earlier, the magnetic disk, like gramoponne record offers 
both direct and direct/sequential access Each of these has two further categories 
as depicted in the chart below. 
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Direct and Sequential 


Direct 


Direct Addressing 
(A) 


Sequential | 

Index Address 

Method Generation 

(B) Methods 

(C) 

Fig 48 


Binary Search 
(D) 


We shall discuss each of these m detail. Prior to that, however, some points 
of practical importance arc discussed below. 


1.23 


3.2 1 4 - 



1 — J3f4J3//mi£-JiLi22a 

7 BJ3ir/DN£D 

-g — lU-ElAD^iT^i lOJACLB. i'<i TO (i^lD 

3 BEFORE MDV/NB TO OfLINDEF N&Z 



£d££. 


I~80 

\.i 61 -igo 

, IG-Z^ 

1 */ 

521-1^00 

.1,6 

^bl--5G0 
/,8 5£I-GGd 

G£i -7Z0 
li.in 7-21-800 


Fig. 49 

The keys of the files in cpmmprcial situations do have ^aps. Payrolljfile, for 
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example, may have gaps because of the employees leaving the organisation on 
retirement, resignation etc As another example, the inventory file too has gaps 
because items may be rendered obsolete with time In fact, in the case of stock 
items the designers deliberately tend to leave gaps For example, if there is a bolt 
in ten sizes of a particular type the designer may assign 10 codes to these and the 
following ten codes may be left unassigned for the time being so that m the future, 
when further sizes of this type of bolt come into being they can be fitted in. This 
fact that the files have gaps has a lot of bearing on the file organisation on the 
magnetic disc 

The other point of importance is the fact that read/wntc heads move in and 
out simultaneously Referring to figure 48 there are 10 magnetisable faces and there 
are, therefore, 10 read/write heads Even though, a record on the first disc face 
were to be accessed not only the first read/write head would move but the other nine 
read/write heads would also move in unison, but only the first read head would be 
activated, other remaining’ inactive As a consequence of this, if the read/write 
heads have once been moved all the ten tracks vertically above and below each 
other should be read or written before any further movement of the heads take 
place. This eliminates one component of the seek time i e , horizontal movement 
of the read write heads Tins has led to the concept of cylinders (synonymous : 
seek areas) Any ten tracks vertically above and below each other constitute more 
or less a hollow cylinder, there, therefore, being 200 cylinders. Because of the 
simultaniety of the movement of the read/write heads it is to be desired that the 
records arc arranged sequentially in cylinders so that when the first cylinder (i e , 
the first ten tracks) has been read the heads move to the next cylinder i e , reading 
or writing is performed cylinder wise 

Each of the 200 cylinders in figure 48 has 10 faces Let us designate the 
j-th (j = l. 2 10) face of the i-th (i=I. 2 200) cylinder by Thus the 

faces of the first cylinder would be desnmated by fi,i fi,t f], 3 , fi.i fi, 5 , fi,6, fj,?, fj.g 
fi #, and fi,io Now say that to start with the read/write heads are positioned 
over the first cylinder and it is required to read the disc pack in entirety To do 
this as efficiently as possible we should first read all the 10 faces of the first cylinder 
then move the rcad/wnte heads in by a track and read all the 10 faces of the next 
cylinder and so on until all the 200 cylinders have been read. This would minimise 
the movement of read/write heads and this component of the seek time. Thus, m 
sequential organisation of records on the magnetic disc the records should be 
arranged cylinder wise Consider towards elucidation of this point a pay-roll file 
without any gaps and containing 1,60,000 records Assuming that there are 10 faces, 
200 tracks/ face, 8 buckets/track and 10 records/bucket, the first 800 records (1 to' 
800) should then be stored in the first cylinder, the next 800 records (801 to 1600) 
should be stored in the second cylinder and so on When this file has to be later 
processed sequentially this storage scheme would minimise the movement of the 
read/wntc heads and the corresponding seek time component 

Sequential Access Methods (Direct Access also possible ) 

A. Self (Direct) addressing 

This method is suitable for determining the bucket address of fixed length 
records m a sequential file, and in which the keys form a complete or almost com- 
plete range of consecutive numbers In a way, we have actually discussed this 
method in the above paragraph where we stored the 1,60,000 payroll records 
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cylmder-wise in the magnetic disc pack of 6 discs. The first cylinder carries the first 
800 records, the 2nd cylinder carries the next 8000 records, and so on. For periodic 
processing of the file the rcad/write heads would move cylinder by cylinder m which 
the records have been sequentially arranged. For example, the ten faces m the 
first cylinder would carry the first 800 records as below ; 


fl.l 

1 to 80 

f 1,2 

81 to 160 

f r, 10 

721 to 800 


How do we have direct access then in such a file organisation ? There are a total of 
16,000 buckets Let the bucket address range from 10,001 to 26,000 And the keys 
of the records range from 1 to 1,60,000 We wish to know where record of the key 
1,49,892 IS to be found 1 e in which bucket it is stored The following arithmethic 
computations would have to be performed towards this purpose : 

1. Divide the wanted record’s key by the number of records per bucket. 

1 anfiOT 

— — =14989 and a remainder of 2. 

2 Add the first bucket number to the quotient to give the wanted record’s 
bucket : 

14989+10001=24990. 

3 The remainder (2) is the record’s position within the bucket The 
remainder 0 would mean that it is the last record of the preceding 

bucket Thus if a manager wishes to know the qualification of a particular employee 
(say, no 149892) i e , makes a random inquiry, the above computations would be 
performed to derive the bucket number, command the read/write heads to move to 
that bucket and supply the wanted information. 

But this method is highly impractical because files do have gaps in the keys 
and this would leave too many empty buckets i c., storage would not be compact. 

Advantages of Self-addressing : 

(i) No index has to be stored. 

Disadvantages of Self-addressing : 

(i) The records must be of fixed length. 

(ii) If some records are deleted their storage space remains empty. 

B. Index Sequential Organisation 

This method is the most popular because it covers nearly all the key ranges. 
For the buckets, an index is compiled and stored in the first bucket Within the 
bucket the records may or may not be sequentially arranged Bucket index indicates 
the highest key. This is shown in the lower part of figure 50 The wanted record 
4302 is to be found in buckets No. 2 which has the highest key as 4384. It may be 
possible to hold the index permanently in core store if there is sufficient space. If 
there are several seek areas for a file a seek area index is also compiled 
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and held permanently in the core store. This index contains the highest key within 
each seek area, and thereby enables the appropriate seek area to be found This is 
shown, for example, in the upper portion of figure 50. 

It can be seen that this organisation permits both sequential as well as ran- 
dom access For the former, the index is not put to use. If there arises the neces- 
sity of expanding additional records can be stored in a special overflow area 
discussed in a section below The other possibility is in keeping some space in the 
buckets empty for new insertions upon expansion Indexed sequential organisation 
combines the best features of sequential organisation with best features of direct 
access by means of the index 

Disadvantages are the extra storage requirements to accommodate any sub- 
sequent insertions, the extra storage for the indexes and the extra time needed to 
process the indexes and the need to periodically reorder the file. 
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C. Random processing 

Random processing is characterised by the fact that records are stored in 
such a way that there does not exist any simple relationship between the keys of the 
adjacent records. 
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D. ^Address Generation Techniques 

In order to store a record initially and then retrieve it on a routine basis it is 
necessarj to calculate its address i e , its bucket number from its key Several ad- 
dress generation techniques for such calculations are discussed below. We shall 
introduce the student with the Extraction Method Consider, for example, a stock 
record with the key 4S7325. The extraction alogarithm consists of extracting the 
alternate digits of the key starting with the first digit. Thus 472 is obtained and it 
IS then the address of the bucket in which this record would be stored In this 
manner, the bucket addresses for all the records would be computed, and they 
would be stored in those buckets Now, suppose that a salesman wishes to know the 
status of Item 46732S The program would apply the extraction alogarithm on this 
key and obtain 472 as the bucket in which this record would be found The sales- 
man’s inquiry can now be answered There is, however, a problem with this and all 
the other address generation techniques. Consider another record with the key 
48,7923. This would also generate 472 as the bucket address Such records as 
generate the same bucket number are known as synonyms. 


dUCj.LTi'ki mK£r.Na 




Assuming that one bucket can hold one record only this record (with the key 
487923) cannot be stored in bucket 472 which is storing record 467325. In the 
technical jargon the bucket 472 is overflowing. Where then to store the synonym 
487923 ? Overflowing synonyms are stored in a special area in the disk pack e g., 
the last disc face) The bucket 472 would contain not only the original record but 
also a pointer which means the physical address in the overflow area where the 
synonym IS stored. This is illustrated in figure 51 The original record 467325 in 
bucket 472 is linked by a pointer in bucket No 472 to record 487923 in bucket 784 
which, in turn, is shown linked to record 497020 (in bucket No. 791 in the overflow 
area) by a pointer in bucket No 784 

There is, however, another side to the problem. Some of the bucket addresses 
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may never be generated owing to gaps in the files. Thus some disc storage is liable 
to be empty because of this problem. This is true of the other address generation 
methods discussed below too. 

(1) Prime Number Division, The key number of a record is divided by 
the number of available buckets. The remainder so obtained is added to a constant, 
yielding the bucket number in which the record is to be stored. Obviously the re- 
mainders should be evenly distributed to attain highest packing density It has been 
empirically established that prime number divisors yield fairly even distribution 
Thus instead of using the number of buckets as a divisior the prime number nearest 
It may be employed. 

(2) Folding The keys are split into two or more parts, these are then added 
together in order to obtain a higher degree of randomness 

Example 467325 may be split as below t 
46+73 + 25=144 (three parts) 

467 + 325 =792 (two parts) 

472+635=1107 (using alternate positions) 

Squaring The key is squared and the portion of the result used as a bucket 
number. 

Example, 428 squared is 183184. Using the 2 middle digits the bucket 
number is 3 1 , 

(3) Radix tranformation Consider records number 4532. It is of radix 
(base) ten. Using 11 instead of 10 we obtain the following number 

4xll«+5xU«+3x 111+2x110 

=5324+605+33 + 2=5964 

Extracting the penultimate three digits gives bucket number 596. 

(4) Alphabetic Keys . The alphabets are first converted to some numeric 
equivalents and then one of the above methods is employed to derive the bucket 
number 

Advantages of Random Processing by address generation techniques 

(i) Sorting of transactions is obviated 

(ii) No index is necessary This saves storage space. 

(ill) Determination of bucket number takes less time than searching the 
index. 

Disadnantages of Random Processing 

(i) If file activity is high this method is loss efficient than sequential 
processing. 

(li) Some buckets do remain empty and others overflow. For the latter sto- 
rage space IS needed as described later. 

(iii) A change in the range of keys may call for re-organisation of the 
addresses. 
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D. Index Random File Organisation 

Instead of attempting to locate addresses by randomising, separate index 
may be maintained in which the address of record being sought is found The 
index IS by record key The index may therefore be searched sequentially or by 
binary search explained below : 

Binary search • Suppose there is a disc file of 16 items stored under index 
random file organisation. The items numbers run from 101 to 159 as below That 
they are not consecutive represents a typical practical situation in which records are 
frequently purged leaving gaps The corresponding index is given below. 
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Fig. 52 

Let us say that item 148 is to be updated. The index which is stored 
somewhere in the disc itself is brought into the computer memory The program 
would see if the 1st item has its key as 148 Then it would move to the 2nd item 
and so on until after 11 comparisons it has got item 148 and its physical address as 
19u. This IS ordinary sequential search which suits human capabilities but not the 
computer’s capabilities There is a binary search that suits computer’s capabilities 
Item No 8( = 16— 2 ) IS checked if it has key 148, which it has not Then it is 
checked if it has key greater than 148 or less than 148 As we can see it is less 
than 148 (133< 148). Obviously, search now needs to be carried out m the lower 

half 1 e., from item nos. 9 to 16 Item no. — =12 ^ is now checked if it 

IS greater than, equal to or less than 148 etc , etc. The procedure of binary search 
is depicted m figure 52. It can be seen that item no. 1 1 has been located in only 
4 comparisons. Binary Search is thus quite efficient. For example, to locate a 
record with a given key out of 5,000 records it requires only 1 1 records to be 
accessed and compared. 

Distribution of Records. As discussed above the distribution of records in 
buckets under random processing tends no be uneven. Some buckets therefor* 
remain empty and others tend to overflow This happens at the file creation stag* 
Itself under random processing In sequential organisation there is no such problem 
during creation But subsequently buckets may overflow if more records are 
sought to be added or the existing records are expanded m content How to deal 
with overflow*? 

Overflow areas are empty storage spaces either in various cylindrical seek 
areas or m an independent area. For each cylinder the overflow records (or 
synonyms) are arranged sequentially in the overflow area. The advantage of 
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having overflow area in the various cylinders is that read/wnte arms need not be 
moved for accessing the synonyms but this arrangement requires more area than an 
independent area Compromise between the two arrangements can also be had. 
This IS achieved by having overflow area m all the cylinders as well as an indepen- 
dent area The overflow from cylinders can be accommodated m the independent 
area. 


Progressive Overflow. The synonym is stored in just the next higher bucket 
that can accommodate it and this means, when searching for a record, the home 
bucket IS examined first and if this does not bold it, successive buckets arc examined 
until the wanted record is found. Obviously this method is rather inefficient, and 
applies to random processing alone 

Using pointers Pointer is a noting of the physical address of its synonym 
in a record During processing, when a record is not found m the home bucket the 
pointer is read and the synonym accessed. 

List Organisation jor information Retrieval. In simple list organisation, each 
record has a pointer for the next record by some key, the contents of the pointers 
being the physical storage address of the next record Thus the entry m a simple list 
organisation is to the first record the pointer of which leads to the next record 
and so on An example would be the payroll application where the employees of a 
particular department are to be accessed The department index is accesssed for the 
required department number which has against it mentioned the physical storage 
address of the first record. Obviously there could be multiple pointers c g , m a 
payroll application ; such pointers may pertain to : 



Fig. 53 
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Department 

Trade of the employee 

Age group 

Sex 

Salary range, etc. 

8. Magnetic Ledger Cards combine the advantages of magnetic tape and 
magnetic disc, and are discussed under the Visible Record Computer 

9 Magnetic Drums were an early means of primary storage, but now-a- 
days they are also used as a secondary storage device The access time is much less 
than that of magnetic disc, and therefore they are preferred where fast response 
rather than greater capacity is the criteria. 
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The stored data is arranged in bands or tracks which may further be sub- 
divided into sectors. There is usually a read/write head for each head though a 
single head that can move across all the bands is also used to cut down expenses 
The direct access time depends upon (i) the number of heads, (ii) the position of the 
sector to be accessed with respect to the position of the corresponding head and 
(ill) speed of the drum. 

10 Flexible {Floppy) disk systems : — The floppy disk is a thin flexible 
plastic disk with a coating of ferromagnetic material. It is approximately 10 inches 
in diameter and is housed in a square plastic envelop with an aperature that allows 
a read/write head to access the disk with the envelop in place. Floppy disk are 
similar to phonograph records. They can be removed from the disk drive, filed, 
mailed, or otherwise easily handled. Their low cost makes them competitive with 
other storage media. Concentric tracks on one side of a floppy disk can store 
approximately 1.6 megabytes (1 raegabyte=:10*) of data. 
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For recording of data/reading the recorded information, the flexible disk is 
inserted in a flexible disk drive having a provision for mounting the disk The disk 
drive rotates the disk within the envelop under a rcad/write head at a speed of 
several hundred revolutions per minute The data are recorded (or read from) disk 
by this read/write head through the aperture in the envelop Typically data may 
be transferred at the rate of 500,000 bytes per second The average access time is 
approximately 6 milliseconds. Records and files on a flexible disk are organised 
and processed in the same way as with rigid disk systems. Flexible (floppy) disk 
drives are generally smaller and more economical to manufacture than rigid disk 
systems 
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Hardware. Computer data processing involves equipment which can per- 
form the following functions • data preparation; input to the computer; compu- 
tation, control and primary storage; secondary storage and output from the 
computer Equipment which is connected directly to the computer is termed “on- 
line” whereas equipment which is. used separately and is not connected is called 
off line The following is a list of the hatdv&are i.e. various computer equipment : 






59 


Function 

Tvpes of Equipment Used 

Data Preparation 

Key-driven card punch 

Key-driven card verifier 

Paper tape punch 

Magnetic Tape encoder 

Magnetic ink enscnbcr 

Optical character enscnber 

Data collection devices with keyboard plastic 
card sensor, to etc. transcribe data on to some 
machine-readable medium. 

Devices to prepare cards, paper tape as a by-product 
of another operation. 

Conversion devices, such as paper tape to punched 
card converter and paper tape to punched card 
converter. 

Input 

Card reader. 

Magnetic tape unit 

Paper tape reader 

Magnetic ink-character reader 

Optical Scanner 

Floppy disk drives 

Console typewnter (discussed later) 

Terminals (discussed later) 

Computation, control and 

e 

primary storage 

Central Processing Unit (CPU) 

Storage devices using the following file 
media : 

Secondary storage 

Magnetic tape 

Magnetic disc 

Magnetic drum 

Magnetic card or strip 

Punched Cards, etc. 

Output 

Printer 

Card punch 

Paper tape punch 


Floppy disks 

Terminals (discussed later) 


Fig. 56 
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Fig 57 (Hardware) 


Central Processing Unit 

As has been discussed earlier, the CPU (Fig. 58) may be considered as 
composed of three functional sub-units : 

(i) Storage unit (Mam memory) 

(ii) Control Unit 

(ill) Arithmetic and logic unit (including Registers) 

Main memory in the modern computer, physically consists of thousand of 
tiny doughnut shaped ferrite cores (Fig. 59) arranged in arrays of 64 X 64. The 
cores are strung out on thin wires about the size of human hair. Electric current 
passing through the wires can magnetise the cores in two directions of politary A 
clock-wise direction indicates 0 state (bit) and an anti-clock- wise direction 1 state 
(Fig 60) The diagonal wires through each core “sense” which core are magnetized 
and which are not. Using a memory made up of these cores, a computer can 
remember thousands of numbers and letters during a program The ferrite core 
memory is fairly fast, being capable of transferring 2-4 million characters per 
second The student need not, however, delve further into the technical aspects 
except for noting the fact that newer solid-state technologies have begun to produce 
memory devices that arc cost-competitive with core, while offering substantially 
better performance at transfer rate of over eight million character per second and 
in the near future they are likely to render the ferrite core obsolete. 





FfEGISTERS 

MAIN MEMORY 




Magnetic core with wires sturng for read and write. 

Fig. 59 






I -Bet 


Fig 60. Clockwise and anti-clock wise direction of polarity to 
indicate 0 state and 1 state (bit) 

Fig. 60 
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In order to identify one number and keep it separate from all the others 
numbers, a core memory is divided into separate locations, with each one storing 
one number. Rather than being a large basket which just stores numbers, the 
memory is more like a file cabinet where everything is stored in a specified place. 
To identify all numbers and separate them, each location in the memory has s 
unique address The address is therefore a way of telling the computer where 
to put a number, and where to look for it later. The capacity of the primary 
storage IS expressed in terms of the number of addressable storage locations. Often, 
the capacity will be a multiple of 4096 (64x64) locations. The number, 4096 
represents the 64x64 core array Commercially 1024 words are designated by K 
and the capacity of 4096 words is taken as 4K. 

Since the addressable storage locations or words vary substantially m 
capacity, a straight forward comparison of different computers is not to be made 
simply on the multiples of K The following table is intended to guard against 
making comparisons on the basis of the pi imary storage capacity in terms of K’s. 

Table of Comparison of Computer capacities 






Max storage 

Locations lo 

Computer 

Orientation 

Code 

Capacity 

if all devoted to 

encode one 



in K’s 

alphabets/Numcries 

instruction 

IBM 1620 

Scientific 

BCD 

40K 

20.000 

40,000 

12 

IBM 1130 

— do— 

16 bit binaiy 

8K 

16,000 

32,000 

1 or 2 

IBM system 360 

General 

Purpose 

Byte bmaiy 

16K 

16,000 

32,000 

2, 4 or 6 

Honywell 200 

Medium 

Commercial 

BCD 

16K 

16,000 

16,000 

1 to 12 

UNIVAC 1108 

General 

Purpose 

36-bit binary 

65 K 

300,000 

30,000 

1 


What docs the capacity signify f It signifies the complexity and lengths of 
problems and records that can be handled by a computer. If a company wants to 
computerise merely the payroll functions, IK capacity computer may perhaps be 
sufiheient 

Access to data stored in primary storage is instantaneous at the speed of 
light or electricity, but ferrite core is a highly expensive medium ; therefore the need 
for such secondary (syn : auxiliary) storage media as magnetic disc, magnetic tape 
etc. arises. It is to be noted that primary storage is synonymous with core storage, 
main storage and computer memory. 
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Comparison of Primary and Secondary Storage. 


Characteristic 


Primary storage 


1 Location w r t. CPU 

2. Cost 

3. Capacity 

4. Access time 

5. Data can be processed 
directly from storage 

6 Means of storing infor- 
mation 


Within CPU 

Most expensive 

Up to several million 
bits 

In billionths of a 

second 

Yes 

Magnetic core (There 
are alternative media 
mostly under develop- 
ment) 


Secondary storage 

Outside of , but connected 
to CPU 

Less expensive than pri- 
mary storage 

Billion of bits 

In millionths of a second 

No, must first be moved 
into primary storage 

Magnetic disc, magnetic 
drum, magnetic tape, 
magnetic ledger cards, etc 


The magnetic core memory is called a random access memory (RAM) ; that 
IS, each separate location (address) inside the memory is as easy to reach as any 
other location and takes the same amount of time We can reach into the memory 
at random and inserts or remove numbers in any locations at any time A random 
access memory is extremely fast but can also be quite expensive 

Another type of computer memory is the ready only-memory (ROM). It is 
used for raiscorprograms not available to normal programmers The term read 
only means that the storage cannot be altered by regular program instructions. 
The information is stoied permanently in such memory during manufacture. The 
information from the memory may be read out but fresh information cannot be 
written into it The microprograms m read-only-memory may be used for a variety 
of purposes, but a common use is to hold a set of instructions that are needed 
frequently, for executing small, extremely basic operations, which are not otherwise 
available in the computer circuitry 

Storage addresses : As discussed above, the primary storage area of CPU 
may be considered as composing of storage locations, each of which can hold a 
word of data A word may be of fixed length e g , 1 6 digits The length depends 
upon the computer make. Different makes usually employ different lengths. 
Figure 61 shows memory as composed of storage locations which are addressable 

There are 32 locations Actual computers have many more locations, but 
that is enough as representation Each location may hold a number of characters. 
Let us say the length of a word is lO characters How data is stored in these 
locations ? Consider that a stock control record with the following particulars has 
been read into the CPU by an input unit. 

Item Code 
Description 
Unit Price 
Physical Balance 
Order Quantity 
Recorder level 


04223 
Spilt pm 
Rs. 8.50 
40 
60 
30 
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The data may be held in first six locations (locations addressed 001 to 006) 
as Fig. 62). 



Fig. 61. Concept of storage as composed of addressable Storage Locations. 

Likewise, the transaction record containing the following data is read into 
CPU by another input peripheral. 

Item code 04223 

Quantity received 5. 

This data is stored in the storage location 007 and 008. How is the master 
record updated ? This is done by pre-stonng a program of such instructions as 
below i 

1. Are the item code numbers of the master record and the transaction 
record same ? 

2. If they are unequal read the master record. 
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001 

002 

003 

004 

005 

006 

007 

ooa 

009 

010 



Fig 62 

3 If they are equal add the contents of location 008 to tliose of location 
004 and store the results back la 004, i e , update the physical balance. 

4 Punch a card for the updated master transaction 

Such instructions arc codified appropriately and pre-stored in the CPU say 
from locations 029 to 032 

Upon pressing the appropriate computer switch the instructions are executed 
sequentially. This is in brief how the computer operates It is immalcridl where i e, 
m which particular locations the program is stored or the master record or and 
transaction data stored. This is completely the discretion of the programmer It is 
to be noted that the computer follows instructions pedantically and, if there is an 
error in the program it is incapable of spotting it It would blindly follow the 
wrong instruction and shall produce absurd results as a consequence The program 
error has technically come to be known as a bug A beginner in programming is 
often frustrated by computer producing absurd and unbelievable results because of 
these bugs. It is. therefore, not infrequent to find a placrad in computer installa- 
tions. bearing “GIGO” which mean "Garbage In, Garbage Out” 

Variable Word Length 

It can be seen in Fig 62 that there is a great deal of unused space Confining 
ourselves to the first six locations, the contents can be packed as m Fig 63. More 
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Fig. 63 . 
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than half the storage space has been released Under variable word length, 
comp iter has an address for each set of bits that encode one character If it 
requires 6 bits to encode a character, each of the 6 bits will have an address 
assigned to it For example the item code 04223 will have five addresses The 
scheme would apparently look quite cumbersome To retrieve 04223, 5 addresses 
and as many instructions would have to be used This however can be circumvented 
by one of the following two ways : — 

(i) Speedy the length of each word c g , 04223 is 5 characters long 04223 
can be retrieved character by character until 5 characters are retrieved 

(ii) Use word end marker Six signs of exclamation are used to show the end 
of each field of information 04223 will, for example, be retrieved 
character by character until the exclamation designating the end of the 
Item code field is encountered 

Comparison of lixed length words and variable length words . 

1 Storage ctliciency ‘ Variable length word scheme is quite compact and 
clTiLiently utdises the storage space 

2 Machines operating with lixed word lengths have faster calculating 
capability But this fastei speed be paid for since the necessary circuitry is more 
complex and thus more expansive 

Some modern computer employ a flexible combination of two schemes 
Virtual Memory 

A programmer has to take into account the size of the memory to fit all his 
instructions and the data to be operated in the primary storage If the program is 
large, then the programmer has to divide the program into segments in such a way 
that, at a time, one segment resides in the primary storage and the remaining 
s'gnients in the secondary storage After the fiist segment of the program, which 
IS in the primary stor ige is complete, the other segments from the secondary 
storage are written into the primary storage This is known as overlaying 

The virtual memory refers to the hardware and software* features, which 
provide for automatic segmentation of the program, and for moving the segments 
from secondary storage to primary storage when needed The segments of the 
program are thus spread through the primary and secondary (on-line) storage, 
and track of these segments is kept by using tables and indices So far as the 
programmer is concerned, the virtual memory feature allows him to consider 
unlimited memory size, though not in physical term . 

Internal Computer Codes 


Data Kepresentation 

As mentioned cailier, the central processing unit m a computer system uses 
electronic elements such as switches, pulses, etc , which are represented in one of 
the two states viz on or off, high or low etc These two states are indicated as 
0 and I If a switch is on, it is said to be m state 1 and if it is off it is state 0. 
In other words, a computer operates with only two digits 0 and 1, called binary 
digits and the data IS represented as a string consisting of Os and Is Hence the 


*Sort-ware refer to techniques or means of controlling the computer equipment. 
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ordinary decimal system of data representation is not suited to CPU. It works with 
simple but rather longish binary system. 

Binary Systems : Binary systems work with only two bits : 0 and 1 unlike 
the decimal system that works with 10 digits, 0 through 9 Let us take the number 
1267 of ordinary decimal system Its binary equivalent is computed below by 
successive division by 2. And, then (on the right hand side) 1267 is got back by 
conversion by weightage of 2*. 


Number— 2 

Cols : 1 

Quotient 

2 


Remainder 

3 

Weightage, 2® 

4 

Remainder X 2* 
5=3x4 

1267-2 = 

633 

+ 

1 

20 

— 

1 

1 

633-2 = 

316 

+ 

1 

2^ 

= 

2 

2 

316-2 = 

158 

■f 

0 

2* 

= 

4 

0 

158-2 

79 

+ 

0 

23 

=r 

8 

0 

79-2 = 

39 

+ 

1 

2* 

= 

16 

16 

39-2 = 

19 


1 

2' 

= 

32 

32 

19-2 = 

9 

+ 

1 

26 

= 

64 

64 

9-2 -- 

4 

+ 

1 

2’ 

E3 

128 

128 

4-2 = 

2 


0 

2» 

= 

256 

0 

2-2 = 

1 

+ 

0 

2" 

= 

512 

0 

1-2 = 

0 


1* 

2'o 

= 

1024 

1024 


•(Senior digit) 




1267 


1267sl001 11 10011. 


The equivalent is obtained by writing the content, of Col 3 starting with the 
senior digit i e , from bottom to top 


Binary Arithmetic: 2^, m the above example gives the various positional 
values • I 2 4 8. 16, 32, 64, Just as there is a decimal point there is binary point 
too The’positional values on both sides of the binary point are given in the table 
here-under 


Position 


4 3 2 


0 -1 -2 -3 -4 


Position Value 2* 


33 2* 21 2» 2~i 


2-1 


2-s 2 -* 


Quantity repre- 
sented by posi- 16 8 

tion value 


• L L L 

T 4 '8 16 
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The table can, of course, be extended indefinitely on both sides The decimal 
equivalent of a number written in binary ii found by adding the products of the 
absolute and positional values as illustrated in the above example where 1267 was 
got back from 10011110011 This procedure also applies to binary numbers 
containing binary point The student may want to verify as an exercise that the 

3 

binary number 1001 01 1 is 9-^ m the decimal system by using the above table of 

O 

positional values 

We saw that a whole decimal number can be converted to binary by 
successive division by 2 The remainder juxtaposed starting from bottom to top yield 
the binary equivalent Below the conversion of a decimal fraction 0 3125 is given 
to show the procedure which consists of successive doubling of the fraction (i e , 
multiplying by 2), retaining the integers and stopping when we get 0 


r 


Integers resulting from 
doubling 


I 


3125 

x2 


0 

1 

0 

1 


6250 

2 


2500 

2 


.5000 

2 

0000 Stop. 


Ihus, 3125— 0101, the bits having been arranged from top to bottom. 

And 9 3125 = 1001 0101 

Binary Addition is performed in way of decimal addition i e , wc proceed 
from right to left with a carry over, if any. The following rules are for the carry- 
over. 


1 + 1=0 and carry 1 to add to next column. 
1+0=1 
0+1=0 
0+0=0 

Example : 

Binary 

Carryover 11111 11 

1101010011 
10011110011 


100001000110 
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We shall stop here and would not take up binary substraction, multiplication 
and division since computer petlorms these operations too in addition mode For 
example to multiply 9 by 5 it would add 1001 (equivalent of 9) 5 times Therefore, 
computer is sometimes simply defined as a fast adder. 

Binary Coded Decimal (BCD) SyUem . The pure binary system discussed 
above is more appropriate for scienlifac applications where the bulk of work consists 
of arithmetic computations Business applications entail reading and writing of 
voluminous amount of plain English, viz , names and addresses of customers and 
suppliers, employees, descriptions of stock items, etc. and comparatively less 
arithmetic. Therefore, most business computer employ a version of the pure 
binary system, the BCD system that IS a hybrid of the pure binary system and the 
decimal system. 

In this system, the decimal weighing is maintained, but the digit is 
represented by a combination of the binary digits 0 & 1 Since ten digits 0 9 
have to be represented, a minimum of four bits must be used to encode each digit. 
Hence, each digit is represented by its binary equivalent using four bits e g , the 
digit 5 IS equivalent to binary 0101 and the digit 9 is equivalent to binary 1001 By 
this method, the decimal number 59 is represented as 0101 1001 The pure binary 
equivalents of the decimal digits 0 through 9 are given below. 

Digit Pure Binary Equivalents 

(or BCD’s) 

0000 

0001 

0010 

0011 

0100 

0101 

0110 

0111 

1000 

1001 


0 

1 

2 

3 

4 

5 

6 

7 

8 
9 


The BCD equivalents of longer numbers arc simply derived by appropriate 
juxtaposition of the equivalents in the above table. For example, the BCD equi- 
valent of 951 is got by juxtaposing the individual equivalents of 9, 5 and 1 from 
this table as below : 

BCD equivalent of 951 : 100101010001. 

This codiBcation scheme has been extended to cover the alphabets and special 
symbols by adding two more bits (known as the zone bits) on the left of the 4 bit 
sets in the above table. By permuting the two zone bits the representations for 
alphabets and special symbols can be obtained, those for the alphabets being as 
hereunder : — 
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Character 

BCD representation 

Character BCD representation 

0 

00 0000 

J 

iO 0001 

1 

00 0001 

K 

10 0010 

2 

00 0010 

L 

10 0011 

3 

00 0011 

M 

10 0100 

4 

OOolOO 

N 

10 0101 

5 

00 0101 

O 

10 0110 

6 

00 0110 

P 

10 0111 

7 

00 0111 

Q 

10 1000 

8 

00 1000 

R 

10 1001 

9 

00 1001 



A 

11 0001 



B 

11 0010 

S 

01 0010 

C 

11 0011 

T 

01 0011 

D 

11 0100 

U 

01 0100 

B 

11 0101 

V 

01 0101 

F 

11 0110 

w 

01 0110 

G 

11 0111 

X 

01 0111 

H 

11 1000 

Y 

01 1000 

1 

11 1001 

Z 

01 1001 

With the 6 bits, it is possible to have 2®=64 codes and this 
sent all the digits (10), alphabets (26, only upper case) and 
(around 15) 

suffices to repre- 
special symbols 


Parity bit is an additional or redundant bit that is used to provide a check on 
the integrity of a representation Consider, for example, Z which is represented by 
01 1001 in the 6 bit BCD code The parity bit is derived from this representation 
itself Since the number of I’s in this representation is 3 that is an odd number, I 
IS placed usually to the left of this representation so that the number of 1 ’s in the 
7-bits are even Likewise, another representation with even number of I’sfviz., 
100001 for J) would have a 0 bit to its left Thus by the addition of the parity bit 
the representations for Z and J in 7-bit5 would appear as follows : 

Z 1011001 

J 0100001 

The parity bit is put to use each time the computer processes a representa- 
tion The number of I’s in the 6- bits set of a representation are computed and is 
ascertained if they correspond to the parity bit placed on the left. If they correspond 
the representation is accepted and processed, otherwise, an error signal is given by 
the computer meaning that there is something wrong with the computer circuitry. 
For example, suppose that because of corruption in the computer circuitry Z is 
being mis-represented as 1011000. In the 6-bits of the mis-representation there are 
two I’s meaning that parity bit should be 0 whereas actually it is 1. 
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The above type of parity bit is known as the even parity bit since the number 
of I’s III the 7- bits set for a leprosentation is always even Similarly, the odd parity 
♦check can be employed but the two checks are mutually exclusive i e , only one of 
them IS performed. 

Fig 64 Common methods of Representing Data 


Character 

Hollerith Code 

BCD 

EBCDIC 

ASCll-8 

0 

0 

*♦00 

1010 

nil 

0000 

0101 

0000 

1 

1 

00 

0001 

1111 

0001 

0101 

0001 

2 

2 

00 

0010 

nil 

0010 

0101 

0010 

3 

3 

00 

0011 

1111 

0011 

0101 

0011 

4 

4 

00 

0100 

nil 

0100 

0101 

0100 

5 

5 

00 

0101 

nil 

0101 

0101 

0101 

6 

6 

00 

0110 

nil 

0110 

0101 

ono 

7 

7 

00 

0111 

nil 

0111 

0101 

oni 

8 

8 

00 

1000 

nil 

1000 

0101 

1000 

9 

9 

00 

1001 

nn 

1001 

0101 

1001 

A 

12-1 

li 

0001 

1100 

0001 

1010 

0001 

B 

12-2 

11 

0010 

1100 

0010 

1010 

0010 

C 

12-3 

11 

0011 

1100 

0011 

1010 

0011 

D 

12—4 

11 

OlOO 

1100 

0100 

1010 

0100 

E 

12— t 

11 

0101 

1100 

0101 

1010 

0101 

F 

12-6 

11 

0110 

1100 

0110 

1010 

0110 , 

G 

12—7 

11 

0111 

1100 

0111 

1010 

oil! 

H 

12-8 

11 

1000 

1100 

1000 

1010 

1000 

1 

12-9 

i 1 

loot 

1100 

1001 

1010 

1001 

J 

11-1 

10 

0001 

1101 

0001 

1010 

1010 

K 

11-2 

10 

O' 10 

1101 

0010 

1010 

1011 

L 

11—3 

10 

0011 

1101 

0011 

1010 

1100 

M 

11—4 

loieoloo 

1101 

0100 

1010 

1101 

N 

11-5 

i 10 

0101 

1101 

0101 

1010 

1110 

O 

11-6 

10^0110 

1101 

0110 

! 1010 

nil 

P 

11—7 

10 

^oin 

1101 

0111 

1011 

0000 

Q 

11-8 

10 

1000 

1101 

1000 

10(1 

0001 

R 

11—9 

10 

1001 

1101 

1001 

1011 

0010 

S 

0-2 

01 

0010 

1110 

0010 

1011 

0011 

T 

0-3 

01 

0011 

1110 

0011 

1011 

0100 

U 

0-4 

01 

0100 

1110 

0100 

1011 

0101 

V 

0-5 

01 

0101 

1110 

0101 

1011 

ono 

w 

0-6 

01 

0110 

1110 

ono 

1011 

0111 

X 

0-7 

01 

0111 

1110 

0111 

1011 

1000 

Y 

0-8 

01 

1000 

1110 

1000 

1011 

1001 

Z 

0-9 

01 

1001 

1110 

1001 

1011 

1010 


♦The parity check, however, is not infallible c g , it fails if 2-bits get corrupted at the same 
time, probability of this though being very low 

♦♦This IS an alternative (and superior) representation of 0 
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Hexadecimal System ; Although the BCD system increases the flexibility 
and ease of programming numeric data, it docs require more computer space to 
record tach number The hcxa decimal (hex) system, using base 16, incorporates the 
convenience of the BCD system with the full storage capability. It is a base-1 6 
system that uses the symbols 0, 1,2, 3, 4, 5, 6, 7. 8, 9, A, B, C, D, E, F. Each hex 
place value is expressed in binary by one group of four digits Therefore a hex 
number with two place values requires eight binary digits and the one with three 


place value requires 12 binary digits For example 


Hex 


Binary 

Decimal 

A5 


lOlOOIOl 

165 

2E7 


001011100111 

743 

Foo 

and 


1 1 1 100000000 

3840 

1110 

0010 0000 

1101 1010 

1011 =E2EODAB 

E 

2 0 

D A 

B =237,899.179 

8-bit Alphanumeric Codes 

To permit greater flexibility in data representa- 


tion, equipment designers have extended the b-bits aphanumenc BCD code to 8-bits 
codes 2*=256 representation are possible They can then also cover a lower case 
letters and greatly expand special symbols The table of page 71 provides the equi- 
valents of the 10 digits and 26 alphabets in the Hollerith card code, (standard) BCD 
(interchange) code, extended BCD interchange (EBCDIC) and American Standard 
Code for Information Interchange (ASCH-8) code. Hollerith code stands apart in 
that it IS used only for the punched card and not the internal working of the CPU. 
The parity bit has been ignored in the table 64 on page 71. 

Byte We have seen above that numeric digits and alphabets may either be 
represented in 6 bits in BCD code or 8-bils in the extended codes. The 6 bits or the 
8-bits moved together constitute what is known as a byte. However, a variation of 
these methods is quite common in the modern computers, in which the use is made 
of an 8-bites which can represent either two numeric digits or one alphabet/special 
symbol. For encoding alphabets/special symbol, one of the 4-bit sets encodes the 
zone and other the numeric whilst both 4 bit sets can encode a numeric each. The 
term “word” stands for a CPU location. A word can hold one or more bytes i.e., 
a byte is always shorter than or equal to a word. 

The Control Unit 

The control unit co-ordinates the various parts of the computer system— the 
arithmetic/logic unit, the main memory and the peripheral units In addition, the 
control unit also controls the flow of data to, from and within the main shortage 
as per the program instructions The control unit comprises the following four 
components . 

(a) Instruction register 

(b) Decoder 

(c) Address register 

{d) Instruction counter. 
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The instruction register receives one by one the instructions to be executed 
in the required sequence. The operation code (op code) of the instruction in the 
instruction register is transferred to the decoder which after decoding the operation 
code (e g whether addition, subtraction, multiplication or devision etc ) activates 
the appropriate circuits of the arithmetic/logic unit to perform that operation The 
address register enables the data in the location specified in the instruction to be 
transferred to a specified accumulator for the arithmetic/logic unit. 

It can be seen from above discussion that there are two distinct phases in the 
execution of each instruction : (1) The control unit receives an instruction in 
its instruction register, decodes its op code and activates the circuits of the 
arithmctic/logic unit to perform this operation and causes the data of the instruction 
operands to be transferred to the working registers of the arthmetic/logic unit; 
(2) the arithmctic/logic unit, having been appropriately activated by the control 
unit performs the operation upon the data as depicted m figure 65 The two 
time components of this cycle of instruction execution are known as the T-time and 
the E-time. That is how the computer works The control unit figures out what 
IS to be done and turns control over the anthmetic/logic unit, and on and on in a 
cyclic pattern until the entire program has been executed. 



on the one hand and the mam storage on the other. A register acts as a path of 
conduit to connect these two components of the computer. An instruction counter 
IS used for recording the number of instructions executed, and is incremented by 1 
after completing each instruction 

Operator’s console is a typewriter-cum-visual display unit (akin to a television 
set-cum-panel of lights and switches) which is electrically connected to CPU. 
Just as the driver of an automobile uses steering of the car to control its operation 
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the computer operator uses the console to control the operation of the computer. 
The computer is started or shut by the operator by depresauig the appropriate 
switches on the control panel Besides, it aids the operator in the lollowing 
ways : 

1 If programmed, the operator can key in data into the CPU via the con- 
sole typewriter For example, the details of a receipt transaction in inven- 
tory control application can be keyed m via the console However, 
thougli possible in theory, the transaction liles are seldom input via the 
console since the operation being manual tends to be very slow and 
hence expensive. Instead, these files are input into the CPU via such 
peripherals as card re.iders, magnetic tape units etc Nevertheless input- 
ting such general details in small amount ot data like today’s date the 
operator would invariably make use of the console 

2. Programs can also be input into the CPU via the console typewriter if 
desired Again, for the reasons mentioned above this would be done only 
lor smaller programs Usually larger programs are input via the 
punched cards or the magnetic tape But the console typewriter can be 
particulaily useful during debugging * For example, consider one of the 
many instructions of a program . 

20 00 OOO 000 000 503 whicli needs to be modified to 

20 00 000 000 000 305 If this were to be done via the punched 
cards, the card for this instruction would be taken out fiom the original 
deck of punched cards and replaced by the one in which the modified 
instruction has been punched by the operator. Ihe complete deck inclu- 
ding the replaced card would now be read into the CPU In contrast the 
operator can modify just this instruction simply by keying m the modi- 
fied version, the instruction number etc via the console 

3 The console unit can also print out or display ihe intermediate computa- 
tion of the part ol a program Consider lor example, the problem . 
2' I 7 

— — to be discussed later If the operator/programmer wishes to 

yo 

know the intermediate processing results he can get these on the 
continuous stationery or the vtsual disply unit of the console This 
facility is again of great assistance in debugging the program 

4, Operator/piogrammer can inquire about the contents of certain storage 
are is which would be printed out on the continuous stationery or 
display on the visual display unit 

5 The data contents of specific storage locations can be altered, if desired 

Multiprogramming 

In order to utilize the computer more effectively, a technique known as 
multiprogramming has been developed This is a module that is aveilable in an 
operating system** that handles scheduling Multiprogramming is defined as the 
execution of two or more programs that both reside m primary storage 

Since the CPU can execute only one instruction at a time, it cannot 
simultaneouly execute instructions from two or more programs However, it can 


♦Debugging means removing errors 

•♦Opening system : a jet of program modules which supervises the overall operations of 
the CPU and controls the 1 10 functions ol the computer. 
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execute instructions from one program, then from a second program, then from first 
again, and so on. This type of processing is referred to as “concurrent execution”. 
This IS desirable because input and output operations are much slower than 
internal CPU operations are. II only one program is being processed, the CPU is 
often idle while it waits for an input/output operation to be completed. However, 
in a multiprogramming environment, the CPU can execute one program’s instruc- 
tions while a second program is waiting for I/O operations to take place.* 
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Fig. 66 

In one system of multiprogramming, storage is allocated for each program. 
The areas of primary storage allocated for individual programs are called 
“paititions” Each partition must have some form of storage protection and 
priority-protection to ensure that a program in one partition will not accidentally 
write over and destory the instructions of another partition, and priority (when two 
or more programs are residing in primary storage) because both programs will 
need access to the CPU’s facilities (e g , the arithmetic and logic section) A 
system of priority— some method that will determine which program will have first 
call on the computer's facilities— is normally determined by locating the programs 
in specific partitions. 

Programs that have the highest priority normally are stored in an area 
called the “foreground partition”. Programs with the lowest priority are stored in 
an area called the “background partition”. 

Multiprocessing 

The term multiprogramming is sometimes loosely interchanged with the 
term multiprocessing, but they are not the same. Multiprogramming involves 
concurrent execution of instructions from two or more programs sharing one CPU 
and controlled by one supervisor In multiprocessing, two or more CPU are 
required. Instructions are executed simultaneously, because the available CPU can 
execute different instructions of the same program or of different programs at any 
given time. 

Multiprocessing offers data-processing capabilities that are not present when 
only one CPU is used. Many complex operations can be performed at the same 
time. CPUs can function on complementary units to provide data and control 
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for one another. Multiprocessing is used for nation’s major control application 
such as railroad contiol, traffic control of airways etc 

Overlapped Processing and Buffer storage The CPU procesiing speeds 
are enormously higher than those of the input peripherals Whereas the times 
are measured m milliseconds 1.000th of the seconds) for transfers to and from 
peripherals central processor times are calculated in micro second ( lO.OOO.OOOths of 
seconds or even nanoseconds (1,000th of a 10,00,00,000ths of a seconds j A good 
card reader, for example, is capaplc of handling 1,000 cards per minute, if a card 
holds 80 characters the rate is approximately, 1,333 characters per second A good 
tape drive can transmit 3,00,000 characters per second. In contrast, mam memory 
is capable of moving 40,')0.000 ch iracters per second and modern non-core 
memories are capible of doing even better. The speed disparity between the CPU 
and Its peripherals is great 



Fig. 67 



Fig. 68 

Earlier computers employed serial processing to complete a task. Data was 
first read in, was then processed and finally output all m series as depicted m figure 
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67. It can be seen that the CPU is busy only a fraction of the total time i e , the 
slowest peripheral sets the pace of the entire computer system If therefore, one or 
more of the peripherals are card readers and card punches the computer system 
would work on their speeds and not that of the central processor In the second 
generation computers, this problem was mitigated to some extent by the technique 
of spooling which takes advantage of the fact that reading/writing of the magnetic 
tape IS faster than the reading, writing of the punched cards. The punched card 
data was put on the magnetic tape off-line by the device called the controller which 
simply copied the card images to the tape. The data on the tape was then pro- 
cessed in connection with the CPU and output obtained on another mcgnetic tape 
This magnetic tape was then run via the controller to put the data on punched 
cards or the printer The technique of spooling is depicted in figure 69 The 
conversion via the controller did entail extra expenses but they were significantly 
offset by saving on the computer time 

But even the magnetic tape peripherals operate on much lower speeds than 
those of the CPU Considerable CPU time was wasted even with spooling and also 
extra expenses and efforts were entailed in spooling. The third generation com- 
puters are capable of performing reading, processing and writing m an overlapped 
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fashion as depicted in figure 68, i e , the input phcripherals, the CPU and the 
output peripherals can work simultaneously. 

This is achieved by means of buffers which are high speed storage elements. 
In figure 68 it is to be seen that whilst record 2 is being read 1 is being processed 
Ordinarily record 2 connot be read in at the same time record 1 is being processed. 
The CPU canpot manage the two simultaneously The input buffer shown m 
figure 70 permits the simultaneity of the two operations, record 2 is read into the 
buffer whilst the CPU is engaged m the processing of record 1. In this case, the 
buffer ibould be large enough to bold two recorde. In another case, where speed 
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disparity between the input periperal and the CPU is greater the buffer storage 
would have to be larger The working of the output buffer may be interpreted 
in the same manner 

input dpvices output D£v/ces 



Fig 70 





Fig. 71 A, B, C, 
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The buffers are connected to the CPU by means of channels which receive 
appropriate signals from the CPU and then proceed to operate independently and 
without supervision to bring in data and right information whilst the CPU is 
engaged in calculations 

There exist three alternative ways of buffering as depicted in fagnre 71 A to 
71 C In figure 71 B the buffers are included neither in the CPU as figure 71 C nor 
in the input/outpiit units (as in figure 71 AI Usually, however, the buffers in the 
scheme of figure 72 are housed in what are known as the control units The control 
unit sits between the input/output device and the CPU acting with its buffering 
capability as an intermediary Aside from buffering the control unit performs 
another less obvious function of translation The card reader (without the decoder 
unit that IS an alternative method of translation) would transmit the data to the 
CPU in the Hollerith’s code. The paper tape reader would do so in BCD, the OCR 
reader would transmit it in its own reflected light codes, etc But the CPU would be 
working in one ot the pure binary or the BCD version Thus there is a need to 
translate the dita transmitted fay the input unit to the CPU and the data transmit- 
ted by the CPU on to the output unit In order to save expenses and to simplify 
design of the computer the devices of converting all these codes is housed in what 
IS known as a control unit that may also contain the buffers This control unit 
function IS also known as the standard interface 




"‘Data Bare Concepts (in case of direct access media only) 

Under manual system, recording of various particulars are usually duplicated 
A customer’s order, as an instance, bears the customer’s name, item numbers, 
descriptions and quantities demanded that are copied in various files, viz sales, 
inventory, costing, etc Such duplication has more than one drawback , first it adds 
to paperwork , second, the same information recorded at different places is liable to 
be discrepant An nher notable example in this legard would be the bills of 
material for which each department, not unusually, has its own version, an engi- 
neering bill, a purchasing bill, a costng bill, an assembly bill and an inventory bill 
The segregation of the same information has one advantatge though, this being that 
accessing the information is prompt Computer offers the possibility of pooling all 
the information m one place by integrating the various files by indexing and chain- 
ing In the past, there have been attempts to computerise the manual systems on 


*Mot* Ihoroush treatment is given in Study VU. 
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the existing lines i e , different files for different applications These disregarded 
the capabilities of the computer in integration and after having advanced on these 
lines (independent files) integration was made still more difficult 

Integration of files requires that each file must contain in its records the 
search argument (the key) m terms of which the other is either ordered or indexed. 
This IS known cross indexing or chaining the files There is more of data integrity 
since all data is to be found at one place only Secondary storage (Master file 
storage media) space can be conserved, and during processing extracting and 
sorting IS obviated to a great extent It should be obvious that the concept of 
cross-indexing is valid for direct access storage devices only Also, the access is 
slower, in view of complex cross-indexing. It is to be noted that the data base is 
a common property of all and belongs to no one particular functional department. 
The data base, therefore, weakens the traditional departmental jurisdictions. 
Formally, 

Data hare IS a collection of data whi h' are related in a meaningftd way, and 
can he accessed in different logical orders but are stored once and only once 

Consider figure 73 towards explanation of how this duplication is avoided in 
the three files (item Master, open purchase Order and Vendor Master File) 

In col 4 of the item master file are the pointers leading to the open purchase 
order file, viz against item 1326, 820 gives the disc storage address where the parti- 
culars of the only open purchase order (no 104) against it are stored 

In col 4B of the item master file are the pointers leading to the vendor 
Master File, viz for item 100, there arc two regular vendors whose particulars are 
to be found in disc storage addresses starling from 2210 and 2230 

In col 4 of the open purchase order file are the pointers leading to the 
Vendor Master File, viz the particulars of the vendor against whom the open P.O. 
104 IS pending are stored in the disc storage starting address 2230 

With this background, consider the program for handling a receipt transac- 
tions against item 1326. The program retrieves its pa ticulars from disc storage 
starting address 100 into the CPU, updates the balances and looks for the pointer 
in the open P O file, i e , enters this file at address 820, The program updates the 
quantity received so far, quantity rejected so far and looks to col 4 in the open 
P.O file for the pointer 2230 in the Vendor Master File if the order has to be 
closed From disc storage address 2230 onwards the program retrieves the parti- 
culars of the vendor and updates his performance indices. 
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Software 


The word “software” has been coined to differentiate between U) the com- 
puter equipment (i e , the hardware) and the means of controlling the equipment, 
the latter having been termed “software” Although in early days of the computer, 
only standard programs supplied by the computer manufacturers were called the 
software, the term, now-a-days, has a much wider meaning and is also inclusive of 
programs developed by the user or procured by him from an organisation dealing 
in software, and the associated policies and procedures 

There is a definite trade off relationship between the hardware represented 
by the CPU and the software represented by the program Whatever is programmed 
can also be directly embedded in the computer circuitry For example, the com- 
putations of square root are ordirnarilv incorporated in the computer program 
They could also be alternatively provided for in the CPU circuitry so that with just 
one instruction the square root of any number is got But this alternative is 
highly expensive in terms of initial investment It can only be justified if the square 
ro >ts were to be derived in an enormously large number, m some scientific appli- 
cation perhaps as an example As we shall see later only simple arithmetic/logic 
operations (like add, subtract, multiply, divide) are provided for in the CPU 
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circuitry so that these are performed in just one instruction each as they are all 
too frequent in both business and scientific applications. Neverthelesss, the trade- 
off relationship is of theoretical interest. 

Before discussing the types of software, we shall discuss the various pro- 
gramming languages and phases of programming 

Machine Language ; In the early days of the computer, all programs were 
written in the machine codes. Each particular computer model has a machine 
language, which is based on the internal engineering architecture of the equipment, 
and which is developed and provided to user by the computer manufacturer. Simply 
a machine-level language is the language of the computer the only language the 
computer understands without translation If such a language is used in writing 
a program (say a user’s payroll program), the programmer must be familiar with 
the specific machine-level language as well as with the details of the computer equip- 
ment to be used Programs written in machine-level language can only be used on 
the computer model for which that language is written. That is why this 
language is called machine-oriented 

Writing programs in machine language is not only difficult for humans to do 
but IS also subject to error This will be more clear below In attempt to faci- 
litate human programming and to eliminate human errors, assembly language, which 
is very close to machine language was designed As we shall see later, the assembly 
languages assist the programmer in writing fairly error-free programs with far less 
labour and also as much suit the design of the machine on hand as its machine 
language. The procedural languages arc completely oriented to ease up the 
programmer’s task but disregard the machine design entirely. 

The earlier machine languages employed the binary code i c , the instructions 
were codified m series of Os and Is in accordance with the bit pattern of the instuc- 
tion to be performed. The binary code is now being abandoned in favour of the 
decimal code which is far more easy for the programmer and therefore, we shall not 
pursue the binary code any more 

The computer manufacturer supplies a manual of the codes for the various 
operations which are unique to that computer 

An example on some of the codes for a computer and use of these codes to 
write instructions m its machine languages follows : 

Operation 

— Add the contents of two locations 
— Add a constant to the contents of a location 
— Subtract contents of one location from those of another 
—Subtract a constant from the contents of a location 
— Multiply the contents of two locations 
— Multiply the contents of a location by a constant 
— Divide the contents of a location by those of another 
— Divide the contents of a location by a constant 
— Transfer (copy) the contents of a location into 
another location 

—Transfer (copy) partially the contents of a location 
into another 

— Zeroise the contents of a location 
— Compare the contents of two locations and branch if... 

— Jump to such and such instructions 
— Print the contents of a location etc. etc. 


Code 

10 00 

10 01 

11 00 

11 01 

12 00 

12 01 

13 00 

13 01 

22 00 

22 10 

23 00 

21 00 

20 00 

33 00 
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Either the programmer should refer coatmually to such a chart or, as U 
happens with practice, should memorise these codes Both of these are however, 
cumbersome and error-prone Below is given an actual instruction which can be 
seen as divided in 7 parts. 


Instruction Operation 
Number Code 

XX 

YYY 

AAA 

BBB 

ccc 

1 

2 

3 

4 

5 

6 

7 

033 

10 

01 

001 

353 

001 

353 


Explanation Column I : Instruction number Computer executes the instruc- 
tions sequentially except in so far there is a special instruction overruling the 
sequence After this, instruction 034 will be taken up for execution 

Columns 2 3 (Operation) : As can be seen from the above chart 10 01 is the 
code for adding a constant to contents of a location. 

Cols 57 to represent operand i e , location/data/instruction number upon 
which operations of cols. 2, 3 are performed. 

Column 6 : It is the constant 001 that is to be added to the contents of 
locations 353. 

Column 1 : The is result to be obtained back in 353 The length of the word 
(in a location) is 16 digits as shown below for location 353 whose contents at present 
are 455 The right most zero signifies that it is +455. Any other digit in the right- 
most position would make 455 negative. 
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Fig. 74 

Column 4 The constant TO I is to be added starting at position (1 to 3) of 
location 353 Suppose that location 353 is being used to count the number of master 
records that have been read in The programmer would have to memorise this 
fact too. This further contributes to the cumbersomeness and errorproneness of 
machine languages. 

Assemble^ Languages are at the next level in improvement over the machine 
languages. They are also known as symbolic language because they employ symbols 
for both arithmetic and logical operations and even location addresses The abo\e 
instruction (033) may be written as ADDC 001 COUNTER 001 COUNTER. 

ADDC ia add a conitant. Such itaodard lymboh for the various operations 
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are supplied by the computer manufacturer who creates the assembly language 
for his computer COUNTER is the name given to location 353 by the programmer 

Since mnemonic symbols are being used this eases up the programmer’s task 
greatly But the computer follows its machine language only and the p ogram written 
in the assembler language has to be translated This is accomplished by a special 
program usually supplied by the computer manufacturer and known as the assembler 
The assembler simply translates each instruction in symbolic languages to its machine 
language equivalent. Thus there is a one for-one correspondence between the 
two languages. Another advantage possessed by the assembly language is that 
of flexibility Towards explanation of this, consider a program written in a 
machine language and consisting of 980 instructions If the programmer, upon an 
after thought, wishes to insert another couple of instructions he would have to alter 
the entire program Although it is possible to save a great deal on alterations by pro- 
gramming jugglery It is not only cumbersome but also liable to errors In a program 
written in an assembler language the extra instructions can be inserted wheiever 
desired without any reprogramming, on the existing instructions Both the machine 
and assembler languages possess a definite advantage over the procedural languages 
discussed below Since these are machine oriented the programmer can write the 
programs that suit the capabilities of the computer at hand, i e , the pragram would 
occupy the minimum storage and take less processing time as compared to the one 
in a procedural language. 

MACRO'S 

As mentioned earlier the first assembler languages had a one for one corres- 
pondence with the machine code It was noticed, however, that various sets or rou- 
tines of instructions were used constantly and repetitively within programs and 
were common to most applications In particular, these were the sets of instructions 
to organise the transfer of data between peripheral devices and the core store, or to 
learrange data within the store For example, three instructions, one after the 
other, might be needed to print out a number on a particular computer These 
three instructives, always m the same order, might be used over and over in the 
same program Rather than force the programmer to write out the set of these 
instructions every time, these routines were identified and written in a standard way 
by the manufacturer and maintained within the assembler program. The program- 
mer, then, needs to write just one instruction whenever he wishes to use this 
routine These routines are called MACROS and the single instruction statement 
written by the programmer to invoke a MACRO is called the MACRO INSTRUC- 
TION The MACROS save the programmer the time and trouble of writing and 
testing these routines over and again as they have been written by the computer 
manufacturer once and for all 

Compiler Languages 

Compiler languages are also known as high level languages or procedural 
languages They are procedure oriented (viz , a business application oriented language 
COBOL and a scientific application oriented language, FORTRAN) and employ 
plain English like and mathematical expressions. They are detached from the 
machine design and therefore the nomenclature ‘High Level Languages Since they 
are procedure oriented and detached from the machine design an instruction of these 
languages may be equivalent to more than one instructions m a machine language. 
AO instruction in these languages is usually called a statetnent. 
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A computation X-f Y=Z would be written as below m FORTRAN (FOR- 
mula TRANslation) and COBOL (COmmon Business Oriented Language). This 
example is intended to bring out the similarity between the statements of these 
languages to plain English and mathematical expressions. 

FORTRAN : Z=X+Y X. Y. Z designate 

COBOL ; COMPUTE Z=X + Y Storage locations. 

Whereas each computer has its own machine language and assembly language 
devised by its manufacturer the compiler languages are universal 

Since these languages employ plain English and mathematical expressions it is 
easy to learn these and write relatively error tree programs This is further facili- 
tated because of the fact that the programs written m them are much more compact 
than those in the low level (machine and assembly) languages But they have to be 
translated to the machine language for the computer on hand which is accomplished 
by an especial program known as the compiler written and provided by the comupter 
manufacturer Compiler usually occupies more storage space and requires more pro- 
cessing time than the assembler It however, also possesses the diagnostic capabili- 
ties. Thus they are cheaper than the low level languages in terms of learning and 
writing programs but this advantage is offset to quite an extent by more time on 
translation. Usually, therefore, an organisation would write frequently used 
programs in low level language and infrequently used programs in high level langu- 
ages provided, of course, they are not constrained to favour one of them in view of 
available programmers being skilled in only that one 

Besides FORTRAN and COBOL there arc several more compiler languages. 
Stages of programming 

Program coding by means of various programming languages discussed 
earlier is just one of the several steps involved in writing computer programs which 
can be sub-divided into the following six phases broadly 

(i) Programming analysis In this stage, the programmer ascertains for a 
particular application (e g , up-dating of the stock file) the outputs required ti e , 
the up-dated stock file, listing of the replenishment orders, stock movements report,’ 
stock valuation report, etc ), the inputs available (i e , the stock master file, the receipt 
and issue transaction file) and the processing i e up-dating the physical balance, 
computing stock value for various items, determination of the placement of the 
replenishment order, etc) The programmer then determines whether the proposed 
application can be or 5/iouW be programmed at all. It is not unlikely that the pro- 
posal IS shelved for modifications on technical grounds. 

(i7) Program design In this stage, the programmer develops the general 
organisation of the program as it relates to the main functions to be performed. 
Out of several other tools available to him input, output and file layouts and flow- 
charts are quite useful at this stage These layouts, and flowcharts etc are provided 
to the programmer by the system designer as would be more clear later m the study 
III. The flowchart depicts the flow of data, documents etc. very clearly, what are 
the steps to be repeated or what are the alternatives or branches at a particular step 
is shown conspicuously. Such details may be diflScult to bring out in descriptive 
language. 

(ill) Program Coding. The logic of the program outlined in the flowcharts is 
converted into program statements or instructions at this stage For each language 

N B : FORTRAN and COBOL are discussed in a little more detail at the end of Study II. 
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there are specific rules conoerumg format aad syntax (vocabulary, punctuation and 
grammatical rules) available in the language manuals which the programmer has to 
follow strictly and pedantically). There are special sheets for writing the program 
instructions m each language. The format of these sheets facilitate writing error 
free programs Just as a mathematical problem can be solved in several ways, 
so IS the case with writing a program DiflFcrent programmers may write a program 
using different sets of instructions but each giving the same results In fact, there is 
a great sc^pe for elegance in writing the programms but the limitations of time 
stipulated by management would not encourage the programmers to strive for such 
elegance In practice, therefore, the programers broadly pursue three objectives : 
simplicity, efGcient utilisation of storage and least processing time It is highly 
desirable that the programs are simple to understand since a program written by 
one programmer is notoriously difficult for the other to understand. Since, the 
programs, upon implementation, may require frequent modification to suit the 
ch tnging systems environment, there is a program maintenance gang employed on a 
permanent basis for modifying the programs and this gang is different from the 
ones who wrote the programs initially This, then should emphasise that programs 
are written as simple as possible to start with There is usually a trade off possible 
between the other two objectives : efficient utilisation of storage and least processing 
time 

For each, instruction, then a punched card is prepared and deck of punched 
cards carrying (he program instructions constitute the source program i e., the 
program m the source language which may be cither an assembly language or a 
procedural language This program is then translated into the machine language of 
the computer on hand by an assember or a compiler both of which have diagnostic 
capabilities i e , they can point out several syntax errors like two labels used for 
the same location and invalid standard label, etc. The programmer, upon getting 
the print out of the assembly or compiler run, rectifies his program. 

(iv) ^Program debugging. The assembly run or the compilation run can detect 
only few syntax errors. Considering that a program of average size would have 
thousands of instructions there is an ample scope for the programmers to make errors 
technically known as bugs. It is asserted that nobody can string together about 200 
or more error free instructions Therefore, before putting the program into use there 
IS a real necessity to debug it i e., to cleanse it of errors Towards this purpose, the 
programmers devise a set of transactions to test the various alternative branches m 
the program Since the branches in a program tend to proliferate a large number of 
transactions would have to be devised for a thorough test. The results of these tests 
on the master file are derived in long hand as per the logic of the program Then the 
file IS up-dated by the transactions via the computer with the program to be debug- 
ged stored in it The results got from the computer are compared with the ones 
derived manually prior to computer processing. It is not at all unlikely that the 
results do not tally for the reasons mentioned above. The programmer then sits 
away f rom the computer and verifies his flowcharts and coding sheets in a hunt for 
the bugs. Since, debugging can be a tedious process computer manufacturers 
frequently provide facility for memory dump i e , print out of the data contents and 
instructions of the various CPU locations. Having bad a first round of debugging 
a programmer would rectify his coding sheet and repunch the instruction card and 
go m for another assembly or compilation run. It is, however, to be noted that 
the identical results obtained manually and by computer processing do not guarantee 
that there are no bugs in the program since the program may not provide correct 
results on different set of transactions. Towards explanation of this consider the 


'"Further discussed in Appendix II, Study II. 



87 


past sales history of an item as 60, 62, 64, 66, 68, 70. The exponential smoothing 
model may be used here for sales forecasting and the forecasts derived manually in 
long hand according to appropriate formulas. The exponential smoothing fore- 
casting program may then be used to derive the forecasts via the computer. 
Identical results here would be no guarantee that the program would yield correct 
results in another sales history of say, 232, 230, 228, 226 etc. This example, should 
bring out the fact that program debugging can indeed be a formidable task. In a 
survey conducted by the IBM it is estimated that program of some scope (trivial 
programs excluded) may require as many as 20 rounds of debugging before it is 
thoroughly cleansed of bugs 

(v) Program documentation. Each program should be documented to diag- 
nose any subsequent program errors, modifying or reconstructing a lost program. 
Program documentation including the following may be assembled 

(i) The program specifications i.c , what the program is supposed to do. 

(ii) The program description i c , input, output, and file lay out plans, flow 
charts etc 

(ill) The test data employed in debugging the program. This could be highly 
useful later to the auditors. 

(iv) The operation manual which details the operating instructions for the 
computer operator, viz , input the MLC when the yellow bulb is on. 

(v) The maintenance documentation that is a listing of any subsequent 
amendments to the program. 

(vi) Program maintenance. The requirements of business data processing 
applications are subject to continual change. This calls for modification of the 
various programs. There arc usually a separate category of programmers called 
maintenance programmers who are entrusted with this task. Theirs is a difficult task < 
of understanding and then revising the programs they did not write. This should 
bring out the necessity of writing programs in the first place that are simple to 
understand. 

Types of Software : Having described the various computer languages and 
phases of programming we are now in a position to discuss the various types of 
software : 

(a) Subroutines j 

(b) Utility programs I 


(c) Executive or Operating Systems | 

(d) Diagnostic Routines 

(e) Assemblers I 


Supportive 
or System 
Software 


(f) Compilers 


(g) Application Programs J 

(h) E D P. policies and procedures 

(a) Subroutine ; A subroutine is a subset of instructions that appears over 
and again in the program or finds applications m several programs. It is obviously 
economical to write it once and for all This would save time not only of writing it 
specifically or wherever it appears but also on debugging. In fact, it is not even 
necessary to repeat this subset over and again m the same program. This is sought 
to be depicted figuratively and explained below. 
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In two segments of the mam program, a subroutine finds use. Instead of 
duplicating its instructions in the main program it is being used once only as shown 
in this diagram This has been made possible by the following scheme. To make the 
explanation easy we assume that this subroutine (S R ), consists of deriving the value 
of 2'^, N being a variable i e , at one segment of a program it may be desired to 
compute 1 '‘ and at another 2^® etc Obviously, then, before any entry into SR by 
the main program the value of N has to be supplied by the latter to the former N, 
then, IS a parameter of S R 

Instruction 516 “Set N=5 in the entry instruction 901 of the S.R ” 

Instruction 517 “Enter into instruction 901 of the “S R ” 

As such the SR could compute 2‘>=32 upto instruction 908 but there is an 
important point that has not been clarified The SR must now return to control to 
the mam program i e , after the execution of the SR instructions the mam program 
instructions 5i8 should be taken up for execution We would avoid several complica- 
tions here and roughly state that instruction 909, in plain English would read as “Go 
to the next instructions to the one from which the program entered the SR ’. The 
program entered the SR at instruction 517 and the control would be returned at 
instruction 51 8 in the main program Likewise, 2’® would be computed m the 
second segment of the program 

Subroutines may be incorporated in the main program in the assembly run or 
the compilation run, or may be recalled by the mam program from the liabrary of 
subroutines in the backing storage. Both assembly/compilalion run and the backing 
storage are further explained below. 



Fig. 75 
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Assembling the Program The punched card deck containing (i) the assembler, 
(ii) the standard subordinates (such as for sorting) supplied by the computer manu- 
facturer, (in) the subordinates written by the user and (iv) the main program are 
input to the CPU m the order prescribed by the computer manufacturer After 
having been read the assembler translates these and 

(i) Prints each instruction m both the machine and the symbolic languages. 

(ii) The card punch, upon instructions of the assembler program, punches 
one card for each printed instruction 

(ill) Performs editing c g , invalid symbols, two symbols used for the same 
location or invalid instructions are indicated In other words the 
assembler (and for that matter also the compiler) possess diagnostic 
capabilities 

After having amended the program deck for the syntax errors disclosed by the 
above run another run would be had, which would yield the final deck, provided, of 
course, there is no more syntax errors The output deck, constitutes the program to 
be input into the computer for routine processing but these may require several 
rounds of debugging prior to that. 

• 

The operation of compilation is similar to that of assembly as depicted in 
figure below. 
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^Modularity. Modular programming refers to a technique in which the logi- 
cal parts of a" problem are divided into a series of individual routines so that each 


♦This IS yet dnotber objective of programming 
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may be programmed independently Consider, for example, a program to process 
payroll file periodically. It can be split into 1 1 modules at three levels as shown 
below 


Process Employee 


—Process unmatched — 
Employees 

—Validate Payroll 

Transactions — 


Create current 
— Weak Error 
Listing 


— Calculate 
gross 


—Update Master 
Payroll file 

—Create payroll 
cheque 


Update Master 
—Labour distribution 
File 


Calculate 
— mandatory 
deductions 


— Calculate— 


Calculate 
— voluntary 
deductions 


Each programmer, out of several at disposal, can be entrusted with a module 
for writing and testing thereby speeding up the write up The group leader can then 
combine these and test the employee payroll file program 

A great advantage ot modularised programming is that any changes in an 
application, which are bound to occur now and then affect only one or a few modules 
which can be modified at a much lower cost than would have been the case for 
reprogramming in entirety. 

To avoid any confusion the nuances amongst the MACROS, subroutine and 
modules must be brought out 

MACROS are incorparalcd in the assemblers only by the computer manu- 
facturer and they are subsets of instructions that are common in most programs 

Subroutine are those subsets of instructions that are either repetitively used 
within a program or/and find application in several programs They are written once 
and for all by the computer manufacturer or software agencies or the user himself. 

Modules arise by vivisection of a program into logical units just for the con- 
venience of writing and debugging They may or may not appear over and again 
in the same program or different programs. In other words, a subroutine is a module 
also but a module mav or may not be a subroutine Incidentally, more discussion 
on modular programming follows in Study III. 

(b) Uttlity Programs or Service Programs arc provided by the computer 
manufacturers to perform tasks that are common to all data processing installations. 
Some of them may either be programs m their own right or subroutines to be 
assembled/compiled m the application programs. The following tasks are performed 
by the utility programs. 

(i) Sorting the data. 

(ii) Editing the output data. 
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(iii) Converting data from one recording medium to another, viz , card to 
disc, tape to printer, etc. 

(iv) Dumping of data to disc or tape. 

(v) Tracing the operation of a program. 

(c) Operating or (Executive) Systems. Considerable time is ordinarily wasted 
in computer set ups supei vised by the operator. During compilation/assembly run 
time required to input the deck of (the main program and subroutines, etc.) punch- 
ed cards or Us tape equivalent is substantial and would naturally be pinching Like- 
wise several application programs (viz , inventory control, A/c receivables etc ) 
would be read into the CPU in turn everyday or so This too, eats into the work- 
ing time of the computer. Thus time reduction can be had by maintaining all the 
programs (including utility programs, asscmolcrs, compiler, etc ) m the backing 
storage which may be of ferrite core or, more commonly, of magnetic drums but 
interlinked with the mam memory. The required program can be recalled into the 
CPU far more quickly than m ordinary systems where computer is especially >ct up 
for each application run or asscmbly/compilation run etc.— saving considerable 
time on setups. 

Besides, the operating systems work in multi-programming mode 

Operattng Systems are devised to optimise the man-machine capabilities. 
Programs arc held permanently in the computer memory freeing thereby the opera- 
tor from inputting a program for each application. The operating systems arc 
also known as “executive systems”, “control systems” and “monitor systems”. 
Formally, an operating may by defined as an integrated system of programs which 
supervises the operation of the CPU, controls the input/output functions of the 
computer system, translates the programming languages into the machine languages 
and provides various support services. In a way, an E.D P system is an operating 
system in that it utilises control programs and assemblers and compilers. The 
operating systems are based on the concept of modularity. The operating systems 
are usually the creation of the computer manufactures who design these to suit the 
capabilities of the particular computer. It would be extremely difficult for the user 
to design, write and test operating system m view of the limited brainwave i e 
(systems analysts, programmers, etc ) These operating systems have acquired 
unique individualities and have their own names viz GEORGE. It is a fact that 
the capabilities of the operating systems arc far too numerous to be economically 
exploited by an average organisation. As a result, they tend to be white 
elephants A great deal of memory remains occupied by the sophisticated 
programs 

The operating systems are characterised by the following ; 

(i) When presented with a job to be carried out, the operating system 
transfers the appropriate application program fiom backing storage into 
core store in accordance with the job description inserted by the 
computer operator via the console 

(ii) A new program requiring compilation results in the relevant compiler 
being located from backing storage followed by compilation and notifi- 
cation of errors. 

(iii) Flic storage is controlled so that the user can refer to his file by name, 
the operating system maintaining an index of user names, file names and 
file locations for this purpose. 
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(iv) A wide range of computer configurations can be used with the one 
operating system 

(v) When the characteristics of the computer's job change from time to 
time the operating system is modified to suit a particular batch of jobs 
by nu-ans ot operating parameters inserted by the computer operator 

(vi) Temporary iailurc of a peripheral unit is accommodated by the operat- 
ing system switching to other units, these are not necessarily of the same 
type Failuri of a printer, for instance, is catered for by transferi mg 
the output to be printed on to a magnetic tape or disc storage pending 
the printer becoming operational once more 

(vii) When trouble has occurred owing to machine breakdown, a postmortem 
analysis of the situation can sometimes be obtained 

(viii) An accounting and budgeting system is inbuilt enabling the manager to 
estimate the separate user costs ol the computer Similarly the usage of 
the computer is logged for all jobs and hence utilisation analyses are 
provided automatically. 

(ix) Multi-acccss is possible 

(d) Diagnostic Routines These programs are usually written and provided 
by the computer manufacturers They assist in program debugging. They usually 
trace the processing of the program being debugged The diagnostic routines are 
however also often treated as a category ot the utility or service programs. 

(e) (f) Assemblers and compilers arc discussed in earlier sections. 

(g) Application Programs, as self-evident, are the main programs for various 
apphcaiions, viz , inventory control, sales order processing, etc as more thoroughly 
discussed m Study II I hey may either be written by the company staff or acquir- 
ed from the computer manufacturer or a consultancy organisation dealing m soft- 
ware as discussed in Study V 

(h) n D P policiei and procedure as discussed in Study IV. 

Real-ttme Systems 

At this stage it would be useful to give a practical turn to what we have 
studied thus far. There are two distinct modes of data processing, (i) Batch process- 
ing and (ii) On line Processing Kealtime system are a subset of online processing. 
This IS depicted in the following chart 

Data Processing 


Batch processing On line processing 

Realtime Processing 

Batch Processing. Most business applications consist of transaction process- 
ing. The high volume of input transaction occurring commonly m business systems 
necessitates batch processing A batch of transactions is accumulated, batch totals 
(as described below) compiled for it, the transactions transcribed on punch cards or 
other media, the punched cards (etc ) sorted by the key field and processed against 
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the master file to update the latter and produce the desired outputs It is not 
necessary that only sequential media are used in batch processing Even magnetic 
discs may be used since it is possible to sequentially organise the files on them. 

Batch Tofo/ consists of three totals' Record Count, Financial totals and Hash 

totals 

Record Count is simply the number of transactions in the batch. 

Financial total is the total of a financial data field over the batch. 

Hash total is the total of such an odd data field as is not normally totalled 
over the entire batch For example, the total ol the product stock codes in a batch 
of stock transactions is a hash total 

These totals are derived on an adding machine etc prior to processing 
Later, during, processing, the computer also derives them and prints them as 
summary information. The two sets of the totals are cross checked 11 they do not 
tally It means that either some transactions have accidently been overlooked or 
fraudulently removed or changed The device of bjtch toots provides such a stringent 
control on errors and fraudulently motivated manipulations that batch processing is 
undertaken even on magnetic disc (which though offers all the attractions of online 
processing as discussed below) 

Online Processing refe.s to processing of individual transactions as they 
occur and from their point of origin as opposed to accumulating them into batches 
This is made possible by such direct access devices as magnetic disc and magnetic 
drum Aside from transaction processing and file updating inqui les are also handled 
by the online processing systems Such inquiries may be as simple as a salesman 
wanting to know the avadability of a stock itvin as desired by his customer They 
may also be complex, as. for example, the list ot all customers whose accounts 
are more than 2 months past due, or the list oi salesman in Calcutta whose total 
rupee volume of sales was highest for a particular month This requires advanced 
file organisation techniques (such as random access) discussed earlier 

Online processing ensures that records arc m updated status at any time 
whereas this is so with batch processing once, say, a week, but the fact remains that 
online processing is usually more costly Therefore, in choosing one of the processing 
both updatedness of records and costs have to be considered 

Realtime Systems are basically online systems with one speciality m inquiry 
processing The response of the system to the inquiiy itself is used to control the 
activity An online production data collection system tliat simply accepts input 
and utilises it for payroll and costina purposes could not be termed realtime , but if, 
on the other hand, the system was designed to provide immediate information to 
monitor the production process it is a realtime system Thus the response of a 
realtime system is one type of feedback control system The response time would 
naturally differ from one activity to another If, for example, it is the launching of 
a space vehicle the response time should be i,i split second whereas in business 
situations even a few minutes may be all right Online updating in real time 
usually leads to transactions as a by-product For example, the updatmg of stock 
records for a customer’s order may lead to snob transactions as despatch notes 
and purchase requisition or Works Orders Realtime systems offer accountants and 
others in business the chance to fulfil the potential of the computer as a tool of 
management. 
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Rcdltimc systems usually operate m multi-programming and also multhpro- 
cessing This increases both availability and reliability of the system. It is thus 
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Figs 77 and 78 

easy to complement batch processing by one CPU with realtime operation by 
another; but they may also serve as stand by units to each other CPU’s m realtime 
systems should also possess the capability of what is known as program interrupts 
These are temporary stoppages or halts m the execution of a program so that 
more urgent messages can be handled on priority. 

Another specihc characteristic of realtime systems is that terminals can be 
hooked to the CPU directly or via multiplexors as depicted in figures 77 and 78. 

Data Terminals : (Serving as both input and output units) 

These are of two types. Teleprinters and Cathode Ray Tubes (CRTS) The 
CRT may be likened to a typewriter attached to a television set (See figure 79) 
The teleprinter is simply typewriter like. The terminals can be placed at the desks 
of the various managers to input data into the CPU to receive answers to their 
inquiries The data is input via the typewriters. The answers are displayed on the 
television set in the case of CRT’s and printed in the case of teleprinters The data 
being input may also be displayed m the case of CRT’s and printed m the case of 
teleprinters for visual verification. Likewise. CRT’s may be placed at the shop 
floor for the workers to input the job ticket data directly annihilating thereby time* 
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consuming and error-prone transcription process Also, a factory with a head- 
office keeping the computer and several warehouses scattered in the region may 
place terminals in the warehouses In this case the communication to the CPU at 
the head-office by the warehouses can be made via open-wire telephone lines The 
advantages/disadvantages of telepnnters/CRT’s are given below 

1 Teleprinters are much cheaper than CRT’s 

2 Teleprinters automatically produce a copy of all input/output Some 
CRT’s are being marketed that produce a copy of what is displayed on 
the screen, but this feature makes the CRT's still costlier 

3 It IS possible with CRT’s to display the format of the data in which it is 
to be entered. This makes it obviously quite easy for the operator to 
enter data. 

4 It IS easier to perform correction of errors with CRT’s 

5 CRT’s are quicker than teleprinters. 

6 Output speed of CRT’s is higher than that of teleprinters. 

It IS to be particulary noted that the real-time system are usually valid at 
the operational control level. Real-time holds little prospects for management 
control Regarding strategic planning managements would be, as Dearden also 
concludes, inclined to assign such tasks to staff specialists Real-time systems are 
however being widely applied in process control applications which monitor 
physical processes such as petroleum refining Most business applications pertain to 
collection and utilisation of the accounting data Below are enumerated some of 
the leading areas for real-time applications 
Sales order Processing 

Real-time systems offer the possibility of a greatly prompt service to the 
customer His order can be processed within virtually no time. The finished goods 
inventory file may have data terminals throughout the sales territory So much that 
the CRT’s can be made to display the invoice on a portable terminal for the sales- 
man who IS mthe customer’s plant and can input the particulars there and then ! 
The customer would get to know of the availabilities instantaneously. All appro- 

[ >riate journal entries would be made immediately m the general ledger. The 

nvoiee can tUio bt poittd to tbt tcoouati nctivtolc file InttMtwDMuily. Th« 
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selection of warehouse that is closest to the customer can also be made and a copy 
of the invoice could be displayed at the warehouse terminals. Besides, the follow- 
ing functions can be performed rapidly : 

(i I The inquiries about the customer’s account status can be answered by 
the salesman 

(ii) Credit appraisal can be carried out on-line. 

(ill) Sales analysis master file can be updated on-line This file provides a 
ready information to the sales manager regarding sales trends, etc 
(iv) Inventory replenishment orders can be determined as a part of the sales 
order processing 

Transportation and Travel Reservations. These activities pertain notably 
to hotel chains and airline reservations. Data terminals would be located at each 
reservation point so that customer reservations can be confirmed quickly The 
various accounting calculations can also be performed and the relevant hies updated 

Banking System. The data terminals would be provided at each teller 
window The following functions can be performed on real-time 

1 Checking the balance against a customer’s account. 

2 Withdrawals and deposits can be posted in customer’s account 

This would obviously apply to distant branches as well 

Retail Sales Credit checking and inventory control functions can be 
performed 

Real-t'me manufacturing control system The production control, inventory 
control purchasing, receiving scheduling, shipping, quality control, responding to 
various inquiries and cost control can all be performed on real-time Efficiency, 
man-machines utilisation and service are enhanced by real-time, and responses to 
inquiries are quicker and control tighter. 

Tune Sharing In it, specific slices of time are allocated to different users 
in rotation However, time sharing systems arc characterised by several users 
working with the computer via remote terminals The difference between the human 
speed and the computer speed is astounding This leaves the impression on the 
user that the computer is working for him exclusively, though the fact is that com- 
puter serves him only periodically The time sharing systems are the culmination 
of the man-machine interactive mode When the man is thinking over some res- 
ponse of the computer to his problem the computer is attending others and is back 
with him in time This amounts to conversation between man and machine. 

Small Computers 

Viniaturiration of the computer equipment has been a fast development 
since when it started in the sixties and promises to continue even faster 

Minicomputers are extremely compact, the central processing unit occupying 
an almost negligible amount of space due to the utilisation of monolithic integrated 
microcircuitry The effective volume of a mini-computer’s CPU is only a fraction of 
that of a mainframe’s The smallness, ruggedness and lower heat emission of a 
mini-computer enables it to be installed in a less protected environment, viz, there 
IS no need of airconditioning The lower development costs combined with high 
sales and mass production result in mini-computers being considerably less expen- 
sive than the larger CPU’s though this is not so fully true of their peripherals. The 
mainframe computers are usually sold with a large amount of software the cost of 
which is ultimately borne by the user, but the mini-computers are sold with minimal 
software though at a later date the user would have to expend on the development 
of the software around it The mini computers possess the modularity feature (Ref 
Study V) and, in fact, it is so easy to expand them as to replace the smaller circu it: 
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boards with bigger ones. Whereas the main-frame computers are usually under 
utilised, especially initially, this is not so with the mini-computers 

Mini-computers also possess the following particular charcateristics which 
differentiate them from the mam-frame computers. 

1. The main memory consist ^^of semi-conductor storage that is not only 
cheaper but also faster than the core memory. 

2 The world length is 16 bits usually whereas that of the mam-frame’s is 32 
bits or more. Thus longer digits (like 161489) cannot be handled with ease in pro- 
gramming. 

3. Their capacity ranges from 4 to 32 K. 

4 The instruction rcpertorie is much smaller than that of mam-frame’s 
therefore, more instructions would be needed for a problem than would be the case 
with the main-frame computer This means more processing time. 

Visible Record Computer 

It IS a further refinement of the Accounting Machine (please refer your 
Advanced Accounting Study) and in fact, is half way in between the accounting 
machine and the computer It is in a compact single unit with core storage capacity 
ranging from ^ K to 10 K Us principal input and output media as well as the sec- 
ondary storage media is the magnetic ledger card MLC) The MLC is an ordinary 
card (of different standard si/.cs) with a magnetic stripe bonded on the left side. 
The proper card portion affords printing of the data e g , stock record and, as 
far as visibility of the records goes, it is no different than manual ledger on kardex 
file cards But the magnetic stripe is capable of storing data just as a magnetic 
tape or disc The MLC’s storage capacity vanes depending upon the size and may 
store 10 to 80 words of data The magenetic ledger card is input in the visible 
Record Computer through a hopper for printing on the card'or inputting 
and outputting the data into the magnetic stripes This magnetic stripe may be 
likened to a magnetic tape cut into pieces This retains the relative inexpensive- 
ness of the magnetic tape but, since the MLC's are input manually, this also provides 
random access. There is no such restriction as to sequentially process the records. 
The disadvantage with the MLC’s is that they have to be stored manually for input 
and, therefore, processing tends to be inherently slow. To some extent it has been 
successfully sought to speed up processing by pre-sorting of the MLC’s and inputting 
them in magazines There are several advantages of the MLC media also which 
have been listed below The Visible Record Computer is sweeping the European 
market, especially for accounting and. since more recently, production and inventory 
control applications It is to be noted that most models are typical computers in 
that they also admit connection of all other input/output peripherals discussed 
in the context of main frame computers earlier and, possess a great deal of 
flexibility. 

Advantages of Visible Record Computer It is relatively inexpensive since, 
as for storage capacity, it is a rami-computcr. As a result, smaller organisations, 
which either cannot afford a large computer or find time sharing too expensive and 
not directly under control, are naturally falling in for a Visible Record computer 
that can be installed m their own premises under direct control (2) Owing to 
visibility of the records the querries by the customers/vendors and management 
can be mostly answered straightway as is the case with the manual systems without 
any processing in tjie visible Record computer whatever (3) In the main frame 
computers, the records are usually hidden, i e , invisible as they are stored in some 
magnetic media. This is a queer changeover from the manual systems and the 
staff take quite a bit of time to acclimatise themselves to the ‘mysteries’ of magnetic 
recording. The main-frame computers are often dreaded for this reason. (5) The 
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operation is exceedingly simple. All that the operator has to do is knocking console 
key board akin to an ordinary typewriter, put in or take out the MLC and derive 
guidance from control panel consisting of a few battery bulbs. If for example, 
light, 1, 2, 4 (out of total of 4) are lit this may imply that a wrong MLC has been 
put in The operator can, then, input the right one upon such a signal. (4) The 
visible record computer has remarkably infrequent breakdown. (6) They do not 
need any especial environment (e.g.) air-conditioned installations in case of the 
main-frame computers They are particularly intended for commercial applications. 
(7) Although the MLC is the principal input/output and secondary storage media 
the visible record computer admits connection of the conventional input/output 
peripherals. (8) It is an open secret that applications on many a main frame 
computers in business have been failures in the larger organisation because of the 
complexity. Such organisations are looking to the visible record computer for 
decentralisation of their various functions, viz Production control, and instead 
install a number of small compact visible record computers in their different 
units 

Generation of Computers 

Fourth Generation Information system : Fourth generation machines 
appeared in 1970 s, utilizing still newer electronic technology which enabled them 
to be even smaller and faster than those of the third generation Many new types 
of terminals and means of computer access were also developed at this time. 

One of the major inventions which led to the fourth generation was the 
large scale Integrated circuit (LSI). The LSI is a small “chip” which contains 
thousands of small electronic components which function as a complete system. In 
effect an entire computer can be manufactured on a single chip of size less than 
i inch square. A single chip may perform the functions of an entire computer, 
calculator or control device Research into future developments promise the manu* 
facture of large computor systems, with enormous memory capacity, on small chips. 
This will reduce the cost and increase the speed of new systems still further. 

Micro computers : Developed during 1970 s, the micro-computer is an even 
smaller version of a computers It is manufactured on a small chip of silicon 
mentioned above. Micro computers have many of the features and capabilities 
of the larger systems. The cost of micro computers has dropped substantially since 
their introduction. Many now sell a micro compntcr for as low as S 5 00 abroad. 
This reduction in cost will bring about a significant increase in the number of 
micro computers in use. The major application for micro computers lies m the 
field of industrial automotion, where they are used to monitor and control various 
manufacturing processes. Their low cost and light weight make it feasible to carry 
them on site or into a field or to package them with other portable equipment as 
part of larger system 

Fifth Generation : In the 1980 s, the computers are being used to aid the 
management A new generation of managers has been educated m an environment 
that views the computer as an everyday tool. In addition, organizations are j 
reaching some degree of sophistications relative to computers ; such organizations * 
have talented computer professionals, data bases, and information systems. These 
ingredients are needed for an age that consider the computer as a management tool. 
Under such circumstances, the manager will be able to use the computer for the 
management functions (i e. planning, organizing, controlling and actuating) and 
actions (i e. decision-making and communicating). 

We can anticipate that the computers of future will be even faster more com- 
pact, and more reliable than even before. Also, we predict significant simplified 
approaches to computer programming, that will include not only English like 
languages but also oral communications between human and the advanced 
computers. 
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APPENDIX 1 


Unit Record Equipment (Syn. Punched Card Machines) 

Unit Record Equipment comprises the following eight electromechanical 
machines which operate on only punched card files : — 




1. Keypunch 

2. Card Verifier 

3. Card sorter 


These have been discussed in the context 
>• of the computer earlier 


4. Reproducer 

5. Interpreter 

6. Collator 

7. Calculator 

8. Accounting Machine 


)• These will be discussed below 

I 

J 


The nomenclature “Unit Record” arises because each punched card must 
carry one record unlike the computerised system m which one card may carry more 
or less than one record. Unit Record Equipment was used extensively m business 
situations prior to the advent of the computer ; but now-a-days, it is giving way to 
the computer. In fact, even the second generation computers had beaten it on cost 
, benefit grounds. 

Below, we discuss machines, 4 to 8 listed above. 

4, Reproducer {Syn. Reproducing Punch) is used to copy all or part of a deck 
of punched cards into another deck of cards. It can reproduce in a straight forward 
way i.e., column by column duplication of a deck of cards. If can also reproduce 
with offset, shifting fields from one position on the original deck of cards to different 
position on the cards in the new deck. Finally, it can do gang punching which 
means punching of all, or a selected part of the data on the master card into all 
cards which follow it. These 3 modes of reproduction are shown on the next page 
by figs. 1 to 3. 
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5. Interpreter 

Interpreting is a means by which puncheb cards which do not contain print- 
ing at the top can be read, and the information read printed on the top of the card 
Depending upon the particular model of interpreter used, printing will take place on 
one or two lines throughout the body of the card Alphabetic or numerical infor- 
mation both can be printed by the interpreter. 

It may be noted that some of the keypunch models not only punch the 
card but also do interpretation at their tops at the same time. 

6. Collator 

A collator is basically used to merge two different files of cards. It has two 
input feed mechanisms (Figure 4) and can drop cards into as many as 5 output 
hoppers. 

Merging is the process by which two decks of cards arranged in some pre-" 
determined sequence, are combined to produce one large deck of cards in the same 
sequence. Fig 5 shows, for example, the merging of two files : Customer Order 
Flic and Customer Name/Address File. 

Other capabilities of the collator are discussed below. 

Select specific cards from a file Fig. 6 shows, for example, the selection of 
master cards from a file. In a way, selection is decollation. 

7. Calculator 

It is a machine that can do addition, substruction, multiplication and division. 
It can be put to 2 types of uses. „ 
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(i) Data calculated from a card is punched in same card, viz. net wage of 
a worker computed from his basic pay, allowances, deductions, etc. is encoded in 
the last 5 blank column of the same card. 

(ii) Data calculated from a set of cards is punched on a summary card. 



WMWBCwas 


Fig. 4 

CuSW^TR 1)^ flU 



Fig. 6 
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Match merging : It means merging two files (fig. 7), selecting out all those, 
cards that do not have a match in the other file. 

Cheek the sequence of a deck of cards (fig. 8), routing any out of sequence 
cards to a reject hopper. 

Simply select cards, from either of two files, which do not have a match in 
the other file (select all cheques for which there is no master file entry, for example). 

8. Accounting Machines possess the following capabilities 

1. Addition/substraction (in some models also multiplication/division) using 
a series of a counters. 

2. Printing the data punched m a card, as well as printing the contents of 
its counters. 

3. Punching the contents of its counters in a card through a reproducing 
punch ; and 

4. Printing reports. 
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A typical Stock Application on Unit Record Equipment 

(See fig. 9 ) 

Step A. 1. Sales orders are assembled m batches. 

A 2. A card is punched for each line on the Sales order. The deck of the 
punched cards is then verified, going the verified deck A 3. 

A 4 The verified deck of punched cards is sorted by the stock item code 
on a card sorter, going the sorted depletions deck A 5. 

A 6 From the sorted depletions deck fed into the accounting machine a 
detailed sales listing in the following specimen format is printed 

Item code Qty. demanded 

1141 ■ 14 

1141 13 

1141 27 (designate the summary) 

1142 10 

A 8. Also produced by the reproducing punch connected to the accounting 
machines is a deck of punched cards, containing the total of all deple- 
tions for each stock items to a card, in proper sequence. 

Steps B 1 to B 8 may be interpreted likewise for the receipt transactions 

Steps 2. The depletion and addition deck (A 8 and B 8) are merged, giving the 

merged deck (3), on the collator. 

Step 5. The master file (4) and the additions depletion deck (3), are match merged, 
into the combined file (7) the rejected cards thrown out as errors (6) 

Step 1 1 The combined file (the master card followed by its summary depletion 
addition cards) is updated on the accounting machine, giving the updated 
master file (12) via the reproducing punch and the summary listing (13) in 
the specimen formate below : 


Stock item Description 

Old 

Additions Depletions 

New 

No. ' 

balance 


balance 



Step 8. In the step “the things are put back in the order”, on a collator. From the 
combined file (7) the old master and transactions are obtained after de- 
collation. 
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Limitations of Unit Record Equipment 

The unit record equipment has almost been completely overtaken by third 
generation computers The reasons should be clear from its limitations relative to 
electronic computers discussed below. 

Punched card machines (or unit record equipment) have electronic computer 
as a serious contender and their limitations have to be appraised particularly in 
relation to it. Electronic computer is much faster, accurate, capable and versatile 
than punched card machines. Each successive generation of the electronic computer 
has brought about a tremendous decrease in cost (and size) permitting corresponding 
increase in capability in handling complexities. This has eroded whatever little cost 
advantage the unit record equipment had over the second generation computers. 
The principal limitations of the unit record equipment are st.ted below. 

1. It is widely, and often wrongly, believed that computers are very expen- 
sive and a company should be large and prosperous to afford the luxury 
of computer processing One should remember that the hardware costs 
have been steadily falling over the last 20 years and the trend appears 
to continue at an acclerated rate. Further, a few hours of computer 
time can be hired at low cost for selected applications, properly concei- 
ved and implemented, the effort can be very profitable. A recent 
development is visible record computers, which have yet to find their 
way into India, are inexpensive and can be installed in house for smaller 
organisation also. 
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2. The most significant limitations of punched card processing are the lack 
of memory and rudimentary processing capability. There is virtually no 
memory except for the card currently being processed and the facility to 
take a few totals and sub-totals Hence it is virtually impossible for tasks 
involving some degree of computational complexity. This has limited 
the use of punched card machines merely to transaction processing (viz. 
such applications as inventory accounting or payroll). 

4. Even at the transaction processing level, these machines have a seiious 
limitation Each record has to be accommodated on one (and only one) 
punched card , therefore, applications involving longer records e g., 
customer billing entailing customer name and address) are hard to 
mechanise. 

4. Data files on cards are bulky and therefore, difficult to store and handle, 
there being ever present hazard of dropping a pack of punched cards. 
The punched cards have to be run repeatedly through the punched card 
machine After a ffiw passes they wear out and must be duplicated. 
Direct access is virtually impossible, thereby forbidding not only inquiry 
handling (except for manual access which is error prone) but also to 
make the most use of every piece of information and update a number 
of files in a stroke Since parts and components of these machines keep 
on moving, they soon wear out and give rise to mistakes not apparently 
detectable 

5. Retrieval of data is another problem that we come across m the use of 
punch card macliines Data are gathered m numerous batches and 
transaction cards are kept in bunches Though not impossible but it is 
definitely difficult to trace some old data from these cards There is also 
the attending possibility of these being misplaced in the process. 

6. The 'cards grow m number with every transaction and in a short span 
of 'time may assume a volume that is difficult to handle Also 
without adequate control measures, keeping track of the cards will be 
impossible 

7. Mechanical devices are inherently slower than the electronic components 
in the computer Typically, input and output speeds are much slower 
on unit record equipment and these limit the amount of work that can 
be done in a given time. 

8. Programming is cumbersome and is done by inserting contacts in a 
plugboard or pannel. 

The biggest problem m starting with unit record equipment and later moving 
on to a computer is that unit record processing embodies completely different 
concept from the computer Thus, the systems requirements with punched card 
equipment are very different from those with a computer Retention of these 
principles can be very wasteful and inefficient on the computer One of the most 
important principles in data processing is to make the best use of every piece of 
information. This is usually not practicable with unit record equipment, where 
systems are designed to produce specific reports Similarly, using a run to update 
a number of files is foreign to unit-record-trained personnel 

It has been the experience in many installations that personnel trained on 
punched card equipment find it very difficult to adapt their thinking to computer 
techniques. This can lead to poorly designed computer systems The management 
also gets a restricted view of data processing and this colours their subsequent 
decisions, often crippling the data processing effort. 
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DIRECT DATA ENTRY DEVICES 


Key-To-Disk 

Punched card as a media is now-a-days totally eliminated by the key-to-disk 
system The data from a source document is directly keyed to a magnetic storage A 
key-to-disk system comprises of several keying stations, a miniprocessor, magnetic 
unit and a supervisor’s console A key station consists of a typewriter like keyboard 
with a panel or visual display unit Every key station is connected to the 
miniprocessor, and when input data is keyed, it is transferred to core storage in the 
miniprocessor For each key station, 40 (also 80, 128) characters of core storage 
in the miniprocessor are allocated. 

Each character of the data that is keyed in is checked for validity, and errors 
are signalled by the miniprocessor to the keying station and the keyboard is locked 
The operator either corrects the error immediately or flags it for subsequent 
correction The panel or visual display units facilitate the correction of errors by 
displaying the erroneous data Sophisticated editing of input data can be performed 
at the time of keying by the use of the read-only program in the miniprocessor. 

When the allocated area m the miniprocessor’s storage (called buffer) for a 
key station is full, the keyed data is transferred to a designated area on a disk in the 
form of a record This is retrieved when the key station is in verify mode, and 
entered into the buffer storage, so that the same record can be compared when it is 
keyed for verification Any discrepancies during verification are displayed on the 
panel or visual display unit. 

The records stored on a disk are subsequently transferred to a magnetic tape, 
after the verification and correction of records are completed The records are 
moved to an output buffer on a disk before they are written on a magnetic tape 

The supervisor’s console is used to monitor usage of the disk, the keyboard 
operator’s performance and the status of input data Until this data is processed 
by the main computer system, the data on the disk is preserved While the key- 
to-disk systems have the advantage of ensuring accuracy of input, security and 
monitoring of progress, they suffer from a serious advantage, viz , all the key 
stations will be paralysed when there is a breakdown of the miniprocessor 

Key-To-Diskette 

In key-to-diskette systems, the data is keyed into a stand alone data station, 
and recorded on floppy disks A floppy disk (diskette) can hold about 150,000 
characters in the form of 80 character records, or 240,000 characters in the form of 
128 character records. 
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The data station consists of a keyboard and a visual display unit. The keyed 
data IS held m a buffer before recording on a floppy disk. 

The data recorded on a floppy disk can be verified by setting the keyboard 
in verify mode. It is displayed on the VDU in the form of 2 lines of 40 characters 
each and a third line indicating the format of the record. The data recorded on 
floppy disks IS later transferred to magnetic tapes at a speed of 400 characters per 
second with the help of a data converter. The data converter can handle 20 
diskettes at a time, transferring 300 records per minute The data converter can 
perform editing when data is transferred to a magnetic tape, and thereby guides the 
operator with error messages to initiate correction procedures. 

The advantage of key-to-diskette systems is that they are stand-alone 
systems, in the sense they are self-contained, and a total break-down is avoided. 
The keying stations can be dispersed and located close to the sources of data The 
key-to-diskette systems allow decentralised recording of data and centralised 
conversion to a magnetic tape for processing by a mainframe computer. 
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FLOWCHARTING 


Program Analysis 

It was pointed out in Study I, the digital computer does not do any thinking 
and cannot make unplanned decisions Every step of the problem has to be taken 
care of by the program. A problem which can be solved by a digital computer 
need not be described by an exact mathematical equation, but it does need a certain 
set of rules that the computer can follow. If a problem needs intuition, guessing 
or is so badly defined that it is hard to put it into words, the computer cannot 
solve it. 


A good deal of thought must be put into defining the problem and setting 
it for the computer in such a way that every possible alternative is taken care of. 
Thus the steps that comprise a computational procedure must be delineated before 
the procedure can be programmed for the computer and the computer procedure 
must be sufficiently detailed at each stage of a computation to permit the required 
calculations to be performed Also, computer procedures are designed to solve 
a whole class of similar problems. The procedure for adding two signed (i e positive 
or nagative) numbers a and b serves as an example : 

1. If a and b have the same sign, go to step 5. 

(If a and b have different signs, continue with step 2) 

2. Subtract the smaller magnitude from the larger magnitude. 

(continue with step 3) 

3. Give the result the sign of the number with the larger magnitude 
(continue with step 4) 

4. Stop 

5. Add the magnitudes of the numbers a & b. 

(continue with step 6) 

6 Give the result the sign of number a. 

7. Stop 

The procedure, in this case, is fairly detailed and would work for any two 
numbers a and b. For example, (—5) + (1—4) = 9, 16 + (—11) =• 5, 10 + 20 = 
30, and so forth. 

Algorithm 

A specific procedure of this type that exists as a finite list of instructions 
specifying a sequence of Operations and that gives the answer to any problem of a 
given type IS called an fl/gorlf/jm. Computer programs are based on tho concept of 
an algonthni. 
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Ex8mpIe-2 : Consider an algorithm used to generate a sequence of numbers 
as Fibonacci numbers. 

1,1,2, 3, 5, 8, 13,21,24 

If Fi denotes the ith Fibonacci number, then Fi «= Fj = 1 and Fi = Fj-i -f 
Fi- 2 , for all i greater than 2. 

An algorithm for computing Fibonacci numbers that are less than 100 is 
given as follows ; 

1. Set N1 to 0. (This is not a Fibonacci number, and is used only to start the 

procedure) 

2. Set N2 to 1 (This is first Fibonacci no ) 

3. Write doun N2 

4. Set N3 equal to N1+N2. 

5. If N3 is greater than 103, then stop the calculations. 

6. Write down N3. 

7. Replace N1 by N2 

8. Replace N2 by N3 

9. Continue the calculations with step 4. 

An algorithm exists for each computational problem that has a general 
solution. The solution may exist as a set of mathematical equations that must be 
evaluated or as a set of procedural steps that satisfy a pre-established procedure— such 
as the well-known procedure for calculating income-tax liability 

Example-3 : Consider the Euclidean algorithm stated as follows : — 

Given to positive integers a and b, find their common divisor. 

The algorithm involves the construction of a descending sequence of numbers. 
The first is the larger of the two numbers, the second is the smaller, the remainder 
from dividing the first by the second, the fourth is the remainder from dividing the 
second by the the third; and so forth. The process ends when there is zero remain- 
der. The greatest common divisor is the last divisor m the sequence. For example, 
the descending sequence of numbers for greatest common divisor of 44 and 28 is 

44 28 16 12 4 0. 

The last divisor is 4, which is the result. The algorithm can be summarized 
in the following list of instructions : 

1. Write down a and b 

2. If b is greater than a, exchange them. 

3. Divide a by b giving the remainder. 
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4. If r is equal to zero, stop; b is the G.C.D. 

5. Replace a by b; (that is, b-^a) 

6. Replace b by r ; (that is r->b) 

7. Go to step 3. 

From the above discussion, several characteristics of an algorithm can be 

given : 

1. It consists of a finite no. of instructions, however, some instructions may 
be executed more than once and others may not be executed at all depending 
on the input data. 

2. The instructions are precise. 

3 The mtructions are unambiguous. 

4 The no of operations that are aetually performed in solving a particular 
problem is not known beforehand, it depends on the input and is discovered 
only during the course of computation. 


Flowcharts 

For many applications, a simple list of the steps that comprise an algorithm 
is sufficient for stating the problem in a clear'and unambiguous manner. However, 
when procedure is complex and different options exist, then a list of instructions is 
hard to follow. For describing a complex process a flow diagram (or flowchart) is 
the computer field. A ^owc/iarr is a diagram, prepared by the programmer, of the 
sequence of steps involved in solving a problem. It is like a blueprint, in that it 
shows the general plan, architecture, and essential details of the proposed structure. 
It is an essential tool for programming and it illustrates the strategy and thread of 
logic followed in the program. It allows the programmer to compare different approa- 
ches and alternatives on paper and often shows interrelationships that are not imme- 
diately apparent. A flowchart helps the programmer avoid fuzzy thinking and 
accidental omissions of intermediate steps. 


Flowcharts can be divided into 4 categories as below and as such they may 
be likened to the geographical map with regard to the extend of detail : 


1 Program flowcharts 

2. Run flowcharts 

3. System flowcharts 

4. System outline charts. 


(District map) 
(State map) 
(National map) 
(Global map) 


In this study we shall concern ourselves with Program flowcharts and Run 
flowcharts. The other two types of flowcharts are discussed in Study HI, 
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part I Program^Floffcharts : 

The program flowcharts are the most detailed and are concerned^ with the 
logical/anthmetic operations on data within the CPU and the flow of data between 
the CPU on the one hand and the input/output peripherals on the other. Prior to 
taking up an actual program flowcharts, wc first discuss below a flowchart (Fig. 1) 
of the morning routine of an office employee to bring out concepts and the use of 
the following flowcharting symbols involved. 



Box 


Fig. 2 

The box is an action symbol. Such actions as "dress” etc. would be written 
within box. In the context of program flowcharting such actions would, for example, 
consist of the various arithmetic operations. 
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Diamond 



Fig. 3 


The diamond is the symbol for posing a question and it leads to two branches 
with yes and no as answers to the question In program flowcharting, however, 
this IS a comparison or conditional symbol. For example, if in an inventory control 
application, reorder level has reached the program instructions for placement cf 
the replenishment order would be executed If it has not reached, a dilferent path 
would be taken- This path may involve alternative set of instructions. Suppose that 
reorder level is placed in location number 536 and the stock level is placed in 
location number 637 the, necessary comparion may be symbolised in either of the 
following ways : 

r\. 3 


Fig. 4 

This IS t c symbol for start and end of a routine. 



Fig. 5 


In Fig. 1, the loop starting from the diamond symbol for “awakes" and en- 
closing the box for ‘‘alarm rings” should be of interest m view of its importance in 
program flowcharting It portrays the recurrence of the alarm until the person is 
awake. Later, in a program flowchart, we shall encounter a loop for computing 2’. 

Some other points of relevance to program flowcharting are well brought out 
by this flowchart. Obviously, different people have diflerent approaches to the 
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routine Likewise, a problem may be flowcharted or programed differently by 
different programmers. For example, consider the problem of finding the value of 
the expression 2’’ x |7 . One programmer may compute |7 first and then 2L Another 
programmer may do just the reverse. Still another programmer may work in the 
following fashion : 


(2 X7) X (2x 6) X (2 X5) X (2 X 4). ... 

Whereas in personal routines one is at complete liberty, in Program flowcharting, one 
of the objectives is to keep the program as simple as possible. Therefore, the third 
approach of computing V x |7 m the fashion of 

(2x7)x{2x6)x(2x5) 

IS rather clumsy sad, therefore, not souad 

Another point concerns the level of detail in flowcharting. In the Box “dress”t 
we have implied dress including combing the hair But someone may want to use two 
boxes for dressing and combing. For example, the computation 2x3x7=42 may 
be showm in just one box as such or in (wo boxes as 2x3"*6 and 6x7=42. The 
most detailed program flowchart would have exactly one instruction for each symbol 
in the flowchart i.e , coding would be simple and straightforward but the flowchar 
being biggish would defeat its purpose of showing the flow of data at a glance. 
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Finally, abbreviations, annotation etc. of the various operations, compari- 
sons etc are desirable and, in fact, necessary to save cluttering the flowchart with 
long plain English expressions. For example, in figure 4 “637<536” is the abbrevi- 
ation for “Arc the contents of location 637 less than those of location 536” ? 

More flowcharting symbols are explained in Fig. 7. There are being mar- 
keted flowcharting stencils (figure 6) but neither they are readily available nor really 
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necessary for the student whom we would rather encourage to draw these symbols 
in free hand. 


Let us now introduce a problem on program flowchart for computing and 

V X Im- 
printing the result of — The flowchart for this is shown in figure 8. The serial 


numbers in circles against the various symbols are not a part of the flowchart but are 
merely intended to facilitate the following explanation to the flowchart. At each serial 
number in this explanation, we have also given the contents of the four locations of 
the CPU, 001 to 004 which have been used to solve this problem. These 4 locations 
have been symbolised as A, B, C and D respectively. 

The = sign should be interpreted as “becomes’’ and not ‘equal to’, eg. in step 3, B=B— 1 
means location B becomes one less than its original contents 


Serial Number 

Contents of the CPU 

♦Zeroise A to D (i e clear all 
working locations. A 

0 

0 

B 

0 

0 

1. Put 7 in location A 



(This IS with the view to start 
computation of 12J ^ 

7 

0 

B 

0 

0 

2. Transfer the contents of location 



A to location B 

(Transfer here implies copy) A 

7 

0 

B 

7 

0 

3, Subtract one from the contents of 



location B. \ 

A 

7 

1 

0 

B 

1 

6 

1 

1 

0 


•After start, it is highly desirable to give an instruction ‘clear all working locations’. In 
this case it would ensure that locations A to D hold zeros. 
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4. 


Multiply the contents of location A 
A with those of location B and 
put the result in location 001. 

■Q 

(It IS to be carefully noted that 
42 has corae m location A, 7 
having been automatically 
erased). 


42 

0 

6 

0 


C 

D 


5. If the contents of location B 
equal 1 go to the next step, 
otherwise go back, to step 3, 

This amount to looping alluded to earlier. The idea is to decrease the 
contents of location B by 1 successively, multiply these with those of A and store 
the intermediate results in A. Intermediate results in the CPU are shown below). 


(42X5)=210 

0 

5 

0 

(2 10x4)= 840 

1 

0 

4 

0 


C 

D 

C 

D 


B 


B 


B 


(840x3)=2520 

0 

3 

0 

(2520x2)= 5040 

0 

2 

0 

(5040X1)= 5040 

0 

1 

0 


D 


i 



(Thus, at the end of step 5 we have | 7 ==5040 in location A.) 
6, Transfer the contents of location A to location C. 


5040 

5040 

1 

0 


(It IS to be noted that transfer really means copy i.e., we transfer the contents 
of location A to location C and also they arc retained, and are not erased, in loca- 
tion A). 

7. Put 0002 in location A . 


2 

5040 

1 

0 


(This, of course, erased 5040 held earlier by location A. This has been done 
with the view to start the computations of 2’). 

8. Transfer the contents of location A to location B. 


2 

5040 

2 

0 


9. Multiply the contents of location A with those of location B and put the 
results in location A. 


4 

5040 

2 

0 


(Note that we have to multiply the contents of A 6 times to obtain the value 
of 2’. We have done this once at this stage). 
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10, Add 1 to the contents of location D. 
A 

B 


4 

5040 

2 

1 


C 

D 


(This is with the view to “remember” that the aforesaid mulitiplication has 
been carried out once. This is quite similar to men doing the counting on their finger 
tips as to how many times the multiplication has been done. In the loop to follow at 
the next step we shall go on incrementmg the contents of location D by 1 until it 
equals 6. In the technical jargon, we have “set a counter” in location D to keep 
track of the number of times this multiplication has been earned out). 


11. If the contents of location D equal 6 go to the next step, otherwise go back 
to step 9. 

(This is the loop to carry out the multiplication six times. The intermediate 
results are ghown below). 



C 

D 


C 

D 


C 

D 


C 

D 
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A 

B 


(Multiplication 5 times) 


(64X2)= 128 

5040 

2 

6 


(Multiplication 6 times) 


The final result 128 is retained in location A. 

12. Multiply the contents of location A with those of location C and put the 
results in location A . 


A 

645120 

504 J 

1 

B 

2 

■ 

6 


13. Divide the contents of location A with 96 and put the results back in 

A. 


6720 

5040 

2 

6 


14. Print the contents of location A on the continuous stationary. 

Several points emerge from the discussion on flowcharting and allied matters 

above. 

(a) In the above explanation to the program flowchart, the unbracketed 
sentence against each serial number is instruction in plain English, viz., “Put 7 m 
location 001” is an instruction The serial number gives the instruction number. 
There are 15 instructions, the flowchart being detailed to the maximum extent i e. 
each symbol in it corresponds to one instruction. These plain English instructions are 
quite amenable to codification in the assembly language. The student must not confuse 
the expressions in the various symbols in this flowchart of Fig. 8 as the codified in- 
structions in the assembly language. They are usually arbitrarily devised by the pro- 
grammers. 
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The program flowchart is basically intended to facilitate encoding i e , writing 
the program instructions. And it is a function of the language in which coding is 
desired i.e., it may differ from one language to another. Sometimes, especially 
when the problem is small or simple, coding can be carried out directly without 
flowcharting; but, it is highly desirable to first draw the flowchart. 

(b) The flowcharts, except for loops, should ordinarily proceed top to bottom 
and from left to right. 

(c) As mentioned earlier different programmers may appoach the same 
problem m different ways. During the last few centuries m the history of engineering 
a design principle has emerged, “Simple engineenng is the best engineering’’. This is 
as much applicable to program design i.c , flowcharts and systems design discussed 
in Study III. ' 

(d) Another objective of programming, aside from its simplicity, is to use the 
minimum possible storage space. In this examble, we have used 4 CPU locations for 
computations, ancther 15 would be needed by the instructions i.e , a total of 19 loca- 
tion have been used. Considering that practical problems are much larger it is highly 
desirable to conserve the CPU storage space. 

(e) The third objective of programming is to ensure that processing time is 
the least. In this regard, it may be pointed out that divisions, multiplications, sub- 
tractions, additions, transfers and comparisons take decreasing computer time in this 
order. However, an actual example on this objective is given in Study VI. 

(f) These three objectives of programming are conflicting. For example, the 
programmer would get several opportunities where he can^save on storage space by 
approaching a problem in rather a complex way and vice versa i.e. he may economise 
on computer time by using the storage space lavishly, etc. He has to reconcoile the 
three conflictitg objectives If, for example, the storage space is at piemium i e., the 
CPU IS small and the program is likely to require slightly more or less space that it 
can make available the programmer may sacnQce the other two objectives of simpli- 
city and least processing time and keep the emphasis on economising on storage 
space. 


(g) Supposing that the fifteen instructions are stored in locations 005 to 019 
the data in the start would be as shown on page 16. 

Upon pressing the “Start” switch on the console these instructions would be 
executed one by one sequentially and the data in the first 4 locations would be pro- 
cessed as per explanation above. The mtructions would stay the same location even 
after execution. There is a kind of instruction that can modify other instructions as 
programmed during execution: but this type is not there in our instructions above. 
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003 


004 


006 


008 


010 


012 


014 


016 


018 

020 

Program flowcharting, to some extent, is a function of the language in which 
the program will be ultimately coded i.e. it will vary to some extent from one langu- 
age to another Therefore, it also depends upon the instruction repertoire or mix of 
the computer on hand. Nevertheless the variations are minor. The following hypo- 
thetical instruction mixKsay, for computer X) will be utilised throughout as a basis for 
drawing the flowcharts. 

Logical/ Arithmetic Operations 


001 

0 

0 

002 

0 

0 

005 

Instrn. 1 

Instrn. 2 

007 

Instrn. 3 

Instrn. 4 

009 

Instrn 5 

nstrn. 6 

on 

Instrn 7 

Instrn 8 

013 

Instrn. 9 

Instrn. 10 

015 

Instrn. 11 

Instrn, 12 

017 

Instrn. 13 

Instrn. 14 

019 

Instrn. 15 



1. Addition 

(i) Add the contents of two locations, say A and B, and put the results in either 
A or B, or any other location. An example follows : 


C=A+B 

or 

C*B-fA 


means ‘add the contents of two locations A and B, and put the 
results in location C. However, this interpretation is assembly 
language oriented The compiler language orientation would be 


“C becomes the sum of A and B”. In this interpretation by '=’ is 
meant ‘becomes’ and not “equal to”, Also in this interpretation 
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C, A and B are treated as if they are variables. Most flowcharting 
in this study note is compiler language oriented. However, we 
shall use assembly language interpretations at places though 
rather sparingly. 

A=A+B A assumes the sum of the previous value of A and the value of B. 

or 

A=B+A 

B~ A-f B B assumes the sum of the value of A and the previous value of B. 

or 

B=B+A 

(i) Add a constant to the contents of a location or the value of a variable. 

C=A+13 C becomes the value of A plus 13 

A=A+13 a becomes the previous value of A plus 13. 

2 Subtraction 

The student can interpret these on the lines of interpretations of the addition 
operations above. 

B=A-B 

C=B-A 

A=A-B 

A=B-A 

B=A-14 

A==A-14 

3. Multiplication 

The multiplication is best represented by asterisk in flowcharting so that it 
does not confuse with the widely used letter, X. The student can interpret the 
following operations himself. 

C=A*B 

C=B*A 

A=A*B 

A=B*A 

A=A*7 

B=A*7 


4. Division 

Two types of division can be carried out. Suppose for example, that we 
divide 7 by 4. In one type, we get 1.75. In the other type we just get the quotient 
1 and the remainder 3 is consigned to a location reserved for remainder by the 
computer manufacture say, flEM, We shall use the same format for the two types 
^8 below. 



Type I 

Type 2 


Results in the 

Only the quotient in the location on the L.H.S 

location on L.H.S. 

The remainder is 

consigned to standard loca< 


tion symbolised by REM. 

Remainder i 

C«A/B 

C-=A/B 

REM 

C=B/A 

C=B/A 

REM 

A=»A/B 

A=A/B 

REM 

A=B/A 

A*=B/A 

REM 

A==A/131 

A=A/I3l 

REM 

B=A/13l 

B=A/131 

REM 


Though we arc not using in the Study note any symbol for exponentiation 
(raising to power) the student may use * * e g. * • 3 means cube x. 


5. Transfer 

Transfer the contents of one location into another location. In other 
words the variable of the R.H.S. becomes (or assumes) the value of the variable on 
L H S Examples follow • 

A— B If B were 13 and A were 7 or whatever, A would now become 13, 

The value of B remains 13 with this operation. 

A= 17 A, whatever its previous value, becomes 17- 

Partial Transfer 

It IS possible with this type to transfer only some digits, (and not all for which 
operation type 5 above exists), from one location into another location. For example, 
if we want to transfer the middle two digits, 76 of location B below into A we can 
do so, anywhere in A. 


B 4 3 2 1 0 












4 

7 

6 

9 

-ir 

A 4 2 1 0 














7 

6 

+ 


We would not give the format of this type. We can state it in the flow- 
chart in plain English “Transfer the contents of B (2nd and 3rd digit) into A in its 
1st and 2nd cell”. 

All these operations 1 to 6 above are depicted in the flowchart in a box 
For example, A=A— 14 would be depicted as below : 


A^A-14 


It may also be desired to designate a location or a variable by a suggestive 
symbol. Thus the step below means that we want to increment “COUNT” by 1. 
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COUNT becomes the pre- 
vious value of COUNT plus 
1 . 

Desirably the length of symbols should not exceed six characters. Also 
they must start with an alphabet letter and never with a numeric or a special 
character. However, the following five characters could be of any kind. These 
symbols are devised by the person who draws the flowchart. Alphabets must be in 
capitals. 

7. Comparison 

In it, the value of two variables (i,e. contents of two locations) are compared 
and one action is taken if the answer to the comparison is “yes” and other action 
if the answer is ‘no’. A comparison is always shown in a diamond as below in which 
ROL (the symbol for recorder for level) is compared with PHY (the symbol for the 
physical balance.) If ROL is greater than PHY we would place the replenishment 
order, otherwise not. 




The following types of comparisons are possible jin [most instruction reper- 

toirs. 

Variables on R.H.S. Constant on R.H.S. 


A>B 

A>13 

Instead of constants 

A<B 

A<13 

alphabetic character (s) 

A=B 

A=13 

or special symbol (s) 

A?tB 

A?tl3 

can be had on R.H.S. 


8. Print 

The following types of print operation formats arc available. 

(i) Print (Material) at position. ... (literally) 
e.g , Print “RAMU, 28” at 005. 

We want to print RAMU, 28 which constitutes the material. The continuous 
stationery usually can accommodate 160 characters. Thus, there ere 160 print 
positions from 001 to 160. In the example above, we want to start printing at posi- 
tion 005. 

(ii) Print (Location or Variable) at position e.g. Print A at 010, with 

which we want to print the value of the variable (or the contents of location) A 
starting position 010. 


COUNT=>COUNT+l 
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9. Feed 

This means raising the continuous stationery by 1 or more lines for printing the 
next line. The format is as in the examples below. 

1 line C S. feed 
3 line S.S. feed 

Wc shall write other input/output instructions (viz. read a punched card) in 
plain English with some exceptions to be explained where the use is made. 

EXAMPLES ON FLOW CHARTING 

Numerous examples on flowcharting follow. The student should, however, familiarise 

2’1 

himself with example on before proceeding with the following 

material. 

Example 1. Draw the program flowchart for finding the sum of first 100 odd 
numbers. 

Solution The flowchart is drawn as figure 9 and is explained step by step below. 
The step numbers are shown in the flowchart in circles and as such are not a part of 
the flowchart but only a referencing device. 



Fi?-9 




Our purpose is to find the sum of the senes 1,7, 5, 7, 9 (100 terms.) The 

student can verify that the 100th term would be 199. We propose to set A=1 and 
then go on incrementing it by 2 so that it holds the various terms of the senes m turn. 
B IS an accumulator in the sense that A is added to B whenever A is incremented. 
Thus B Will hold 

1 

1+3=4 

4+5=9 

9+7= It?, etc in turn. 

Step 1. All working locations are set at zero. This is necessary because, if 
they are holding some data of the previous program that data is liable to corrupt 
the result of the flowchart. 

Step 2. A IS set at 1 so that subsequently by incrementing it successively by 2 
we get the wanted odd terms • 1, 3, 5, 7, etc 

Step i A is poured into B i.e. added to B B being 0 at the moment and 
A being 1, B becomes 0+1=1. 

Step 4. In step 5 we shall increment A by 2 So that although at the moment 
A IS 1, It will be made 3 in step 5, and soon Since we have to stop at the 
100th terms which is 199 step 4 poses a question “Has A become 199?” if not go 
back to step 3 by forming a loop Thus A is rcpeatdly incremented in step 5 and 
added to B in step 3. In other words, B holds the cumulative sum upto the latest 
terms held in A. 

When A has become 199 that means the necessary computations have been 
carried out so that in step 6 the result is printed. 

Perhaps more suggestive symbols for A and B could be ODD and SUM 
respectively. 

Example 2. Draw the flowchart for finding the value of where K repre» 
seats an integre greater than one whose value will be read into the computer each 
time the program is run. 

(In Example 8, we shall use this as a subroutine with K as the parameter) 

The flowchart IS drawn as figure 10 on page 22. It may be recalled that we 
drew a flowchart for computing factorial of 7 but here we intend to generalise for any 
value designated by K. Thus the number for which the factorial is needed is read 
into the CPU (via, say, a punched card) and this number is held in a location which 
18 also designated as K. Thus K may be given any integral value, viz 7, 17, 20 etc. 
This is done in step 1 . 



2 ^ 



© 


Fig. 10 

Step 2. A and B are both equated to K. In the following steps we shall 
repeatedly decrement B by 1 and go on multiplying it with A successively so that A 
holds K (K— I), K (K— 1) (K— 2) etc. in turn and B becomes K, (K—1), (K— 2), 
etc. in turn. 

Step 3. As already stated above B is brought down K to K — 1. 

Step 4. A becomes the product of A and B / e. K (K— 1). 

Step 5. is a comparison step for looping. Obviously the factorial would have 
been'computed when B, after having been successively decremented by 1, becomes 1. 
But since at the moment B has come down to K — 1 and not 1 by looping we go back 
to step 2 by which B becomes (K— 2) and A, in step 3, becomes K(K— 1) (K— 2); 
80 on until A holds IK, which is printed in step 6. 



Example 3. Draw the flowchart for finding the value of where K and 
N are read into the computer each time the program is run, N has to be a 4- ve 
integer. 



Fig. 11 


Figure 11, (Please ignore dotted lines. They are referenced in a subsequent 
example). 

Step 0. We zeroise all working locations. 

Step 1. Values of K and N are read, say, via punched card. 

Step 2. A IS equated to K. We shall subsequently go on multiplying A by 
K successively via a loop so that A is made A*, A®, etc. in turn. 

Step 3. A becomes AK i e. A* since K is equal to A. 

Step We have to carry out the multiplication of A by K, (N— 1) times 
to get the value K«. In this step, therfore, we decrease N by 1. Via the loop we 
shall continue to decrement it by 1 until it is brought down to 1. 
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Step 5. This IS a comparison step where it is decided whether to continue 
with the loop or not When N comes down to 1 (in Step 4). A, which becomes K^, 
is printed in step 6. 

Example 4 Draw the flowchart which will calculate the sum of the first N 
multiples of an integer K. (For example, if K=3 and N= 10), then calculate the sum 
of(lx3+2x3+ +10x3). Make the flowchart completely general by reading 

an integer value for N and K each time this program is run, 

{See Figure 12) 

Step 0. The working locations A, B and C are cleared i e. zeroised to erase 
data sticking in from the previous program, if any. 

Step I. Parameters of the problem, K and N are read in via, say, a punched 

card. 

Step 2. It is the intention to hold 1.2, 3 etc, in turn, in A, therefore, 
A IS incremented by 1 

Step 3 In B IS held the first tcim of the given series which is multiplied by 
K i e. 1 X K to stait with. 

Step 4. It IS the intention to add the terms of the given senes one by one 
in C; therefore, the first term, to start with, is accumulated in C. 

Step J When A becomes equal to N we would print K, N, C as per step 6, 
but at the moment we form a loop back to step 2 so that A is made 1 + 1=2 to pre- 
pare the 2nd term in the followmg^steps. 

Example 5. There are three quahtities; Q^, Q, and Qj. It is desired to obtain 
the highest of these in location H and lowest of these in location L. 

(See Figure 13) 

Step 1. The three quantities Q, Q, and Qj are read in via, say, a punched 

card. 


Step 2 Any two quantities, say, Q, and are compared. If Q, is greater 
than Q, we tentatively make H=Qt and L=Qj in Steps 3B and 4B : otherwise, m 
Steps 3 A and 4 A we make H=Q 2 and L»=Qi. ' 

At Step 5 we are holding the higher of Qj and Qg in H and the lower of 
these in L. In Step 5 we see if Qa is greater than the higher of Qi and Qg in H. 
If it is so obviously in Step 8 H is made Qg, If Qj is not greater than H we compan 
Qg with L in Step 6. 



is 


In Step 6, if Qa <L we go to Step 7 and make L=Q 3 , otherwise, the job has 
already been done prior to Step 5. 



Fig. 12 Fig. 13 


Example 6. The square root of number can be computed by an iterativ 
procedure. The following computational steps are performed. 

1. Select a first guess for the desired square root A reasonable value ft 
the first guess might be obtained by dividing the given number by 2. 
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1 . Divide the given number by the assumed square root. 

3. If the quotient and divisor are sulHciently close, then the desired square 
root has been obtained to a sufficient degree of accuracy and the computation ceases. 

4 If the quotient and the divisor do not agree, then a new guess must be 
obtained for the square root and the procedure repeated. The new guess is obtained 
by calculating the arithmetic average of the most recent divisor and quotient. The 
computation then returns to step 2. 

Say, N«=the given number whose square root is desired. 

D«=the divisor. 

Q^^the quotient. 

R=the desired square root. 



Fig, 14 





[Let -uS now apply this method to a problem namely, computing the square 
root of 8. The computation will proceed in the following steps. 


(a) D,=K8)=4 

(b) D,-K4+2)=3 

(c) D3=i(3 +2.6666)= 2.83333 

(d) D4=i(2 83333+2.82352) 

=2.82843 


Qi=8-^-4=2 
Q, ==8-3=2 6666 
Q3 = 8-2 83333=2.82353 
04=8-2.82843=2.82842] 


The (rather condensed) flowchart is given above in fig. 14. 

Step 1. N, the number for which the square root is wanted. 

Step 2. D is made half of N as the initial estimate of square root of N(=8 
may be imagined). 

Step 3. N(=8) is divided by the estimate D to get Q. 

Step 4. If D IS approximately equal Q we have computed the squre root 
which, however, is not the case as yet (since D= = 4 and Q= = “2 and 

D^iQ); therefore, go to steps 5 and 6. In these to steps we find the average of D and 

r 2+4 “1 

Q and put it in D. This average = — ^ =3 is taken in D as the new estimate 

of the square root and we loop back to step 3. 

*In fact, there does not exist any instruction in any computer by which we 
can compare if two quantities are roughly equal. What therefore, would actually be 
done IS to find the difi'crence between D and Q and if it is < prescribed difference, 
say 0.001 we accept them as equal. 

Example 7. Draw the flowchart for deriving the sum of the squares of first 
20 odd numbers. 


The flowchart is shown in fig 15. 

Step. 0. All working locations are zeroised. 

Step. 1. In step 2 we employ the square subroutine (which is the set of 
steps enclosed m the dotted box in figure 1 1 for computing K ), therefore, we set 
N=2 for ever in this program and K= I. 

Step. 2. K“ i e. F is computed by the aforesaid subroutine (S.R.). A.S.R. is 
being depicted in the hexagonal symbol in program flowcharting. 

Step 3. We accumulate the first term i.e. square of the first odd number, I 
in location C. 

Step The 20th odd number is 39, therefore, in this step we see if K has 
become 39 from 1 (by step 5), 



is 



Fig. 15 

Step 5. K is incremented by 2 i.e. it becomes 1 +2=»3. 

Note : The problem can be solved without using sub-soutine also as 
depicted in Fig 15-A on Page 29. 

Example 8 The sine of X can be approximately calculated by summing up 
the first 100 terms of the infinite series 


Sin X=.X- 


X* X® X’ 

f5^ 


Draw the program flowchart in which the value of X in radians will be read 
in and then the sine is computed. 

{See Figure 16) 

Step 0. Clear all working locations. 

Step 1. The value of X in radians is read in via, say, a punched card. 
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Fig. 15—^ 
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Step 2 In step 4, we shall use the power S. R. for computing K,*i In this 
step 2, we set A=>1 and in step 3, we set K=X and N=A (i e. = l). 

Step 4. KN (=K'<) IS computed by the S. R. (A having been at present set at 
1 in step 2) 

Step 5. In step 6 we compute the factorial of a A (which is 1 at the moment). 
Since in fig 10 we used the sympol K we set K=A in the S. R. of step 5. A being 1 
at the moment 

Step 6. lA I e. | 1 is computed. It constitutes the denominator of the first 

* XI 
term, 

Slep 7 We divide (i.e. X') by |A i.c. |J_ and put in location term 

TERM 

Step 8. We count the number of terms in location COUNT which becomes 
1 by incrementing it by 1. 





Fig. 16 

Step 9. We see if COUNT is odd or even. In the given series (on R.H.S.) it 
is to be seen that odd terms are preceded by plus sign and even terms by minus sign. 
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Step 10 A and B. IF count is odd we accumulate it in location SINX 
otherwise we subtract it from SINX. Thus SINX holds the sum of R.H-S. upto st, 
2nd, 3rd . , etc term in turn 

Step H It IS ascertained if the 100 terms have been processed. If so we end, 
otherwise, in step 12 we increment ^ by 2 (c.g. it becomes 3 from I) and loopback to 

X* 

step 3 process for the second term, 

Note* Alternatively, the problem can be solved as shown in Fig 16 A 
Example 9 Draw the program flowchart for computing the annual acqui' 
sition, inventory carrying and total costs for lot'sizes of 100, 200 ..2400. The various 
variables of interest are supposed to be there in the locations symbolized below. 

REO Annual requirements of the item 

ACQ Procurement cost/order 

COST Cost per unit 

RATE Inventory-carrying rate, I. 

The flowchart is drawn in fig 17. The following symbols represent the 
working locations that are put to use by this flowchart 
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LOTSIZ Lot size 

IVCOST Annual inventory-carrying cost 
AQCOST Annual acquisition cost 
TOCOST Annual total cost 

Example 10. Draw the flowchart for finding the amount of an annuity of 
Rs A in N years. Rate of interest = r%. R=(l-fr). This amount is given by the 
following series : A+AR+AR*-!-.. AR***^. 

The flowchart is drawn in figure 18. The following symbols are employed. 
TERM To hold A, AR*, etc. (i e. the various terms) in turn. 

SUM In it IS accumulated the sum of term. 

COUNT Counter to count the number of terms accumulated. 



Fig. 18 
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Example 11, (On Computing Customs Duties) : Assume that imported 
goods from foreign countries are classified into 4 categories for the purpose of levy- 
ing customs duty. The duty rate for each category is as follows : 

Class No, Class of Goods Customs duty {%) K, on 

Values of Goods V 

1 Foods, beverages 10 

2 Clothing, foot ware 15 

3 Heavy machinery \1\ 

4 Luxury items 40 

Draw tbc flowchart for computing the appropriate customs duty. 



Example 12. The problem is to compute, for a series of transactions, the 
gross sales (G) : the quantity discounts, (D), if any ; and the net sales (N). The raw 
data to be supplied in the program includes the quantity sold (Q) and unit price (P) 
The quantity discount schedule is as follows : 


If quantity sold is : 
less than 100 units 
100 to less than 200 
200 and over 


The discount rate would be ; 
none 
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Fig. 20 

Example 13. Given the following set of data : 


Account No. 

Age of customer 

Sex 

13466 

28 

M 

43156 

20 

F 

33215 

45 

F 

44178 

19 

M 

56723 

28 

F 

47892 

33 

F 

24567 

19 

M 

56783 

55 

M 

43579 

39 

F 

5^782 

30 

M 

79234 

18 

F 

63423 

29 

F 


Unpaid Balance 
Rs. 145.23 
49.50 
89.24 
115 23 
75 95 

25.78 
54.75 

24.78 
67.85 
150 97 

39.95 

69.95 
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Draw the flowchart to compute and print out the following . 

Unpaid Balance 

Females 
Rs. X X X . X X 
XXX 
XXX 
XXX 


Rs. 


Average 
Customer Age 
Under 20 
20 to Under 30 
30 to Under 40 

The program flowi:hart is given in Fig 21 MI to M4 accumidate balances for 
the 4 age groups^of male customers and likewise FI to F4 for female cu^omers 
Age IS symbolised by A, balance by B and hex is codihcd as M or F. The last 
record (f dmmy, 


Males 
X X x.X X 
XXX 
XXX 
XXX 




Fig. 22 


Example 14 . Using the data of the previous example, draw a flowchart 
for computing and printing out the following statistics 
Sex Average United Balance 


Male 

Female 

Overall 

used. 


Rs. X X x.X X 
X X X.X X 
X X X.X X 

The program flowchart is shown in Fig 22 above. The foilowmg Symbols are 


MANO 

FENO 

mabal 

FEBAL 


Counter for males 
Counter for females 
Sum for male balances 
Sum for female balances 












Example 15. Flowchatt for Binary Search, (Re. : Magnetic Disc. Study I) 


Desired Record 
RE « Record at the 
end of file 
RM= Record m mi- 
ddle of file 
RS~ Record at sta- 
rt of file 


C CtcTt ^ 
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Modification/lnitialisation InstructioDS 

These instructions can change the value of a variable location number in an 
existing instruction during the program execution process. The initialisation instruc- 
tion can set or reset the value of this variable to any desired number. The modifi- 
cation instruction can incremcnt/dccrement this variable during the loop execution 
by any constant (viz. 1,2,13). 

Example 16 Marks on each student (in a class) in 12 papers are encoded 
on a punched card which are read (one card by one) into the CPU locations 
MARKS 001 to MARKS 012 You are required to draw the flowchart for compu- 
ting and printing the average marks of each student. 

Solution MARKS 001, MARKS 002. MARKS 012, are holding the 
marks in 12 papers of a student We propose to accumulate them as ACCUM. 
This could be accomplished in 12 instructions as below. 

ACCUM=ACCUM+MARKS 001 
ACCUM=ACCUM+MARKS 002, etc. to-, 
ACCUM*=ACCUM-|-MARKS 012. 

But we do not do this way. We shall adopt a cleverer approach which is 
made possible by the facility of what is known as the “modifying” instructions in the 
instruction repertoire. 

It is to be seen that the 12 instructions above can be generalised as 

ACCUM= ACCUM +M ARKS (X) ..(A) 

We have to start with X=1 and then go on incrementing it by one to gene- 
rate the above 12 instructions. This we do as below. 



Fig. 24 


Fig 25 





3 $ 


Set X=0 in (A) ...(^ 

Increment X by I in (A) 

ACCUM=ACCUM+MARKS (X) 

By step (2) we made X in step (A)=0 and by step (3) we incremented it b 
1 so that MARK.S (X) m A has been made MARKS (I) which is the same thing i 
MARKS 001 If we repeat steps (3) and (A) 12 times as pei the left flowchart se 
ment above, we, in effect, will have performed the aforesaid 12 initructions. 



Fig. 26 

But, do we repeat this loop 12 times? This is accomplished by incl 
the > dmparison step (4) as per R.H.S. segment above. In thist step, we po! 
question if X has become 12. 

The completed flowchart is shown in Fig 26. 

Step (3) in Fig. 25 corresponds to what is known as the mo» 
instructiomsince it modifies the instruction corresponding to step (A). The st 
is a sort of initialisation step or instruction since it sets the value of the variab 
0 for each student’s 12 papers. 
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Modification of the 'Comparison' Step. 

Example 17. Prices for ten commodities m the current year are designated 
by J(X), X varying from 1 to 10. Likewise their last year's prices are designated by 
K(Y) Y varying from 1 to 10. Draw the flowchart for finding the number, N of 
commodities of which prices have increased. 

The flowchart is drawn in figure 27. 



The *crooked arrow shows the comparison step that is initialised and modified 
for looping. The following is the comprehensive list of comparisons of this type 
that are valid. 

J (X)>K (Y) 

J(X)=K(Y) 

J (X)?tK (Y) 

J(X)<K(Y) 

Example 18. Prices of a commodity in ten major cities are designated by 
J (X), X varying from 1 to 10, The price prevailing in the capital is designated by C. 
Find the number of cities having the price less than that in the capital. 

•Throughout this study note, we are using crooked arrow to emphasise a step of major 
interest. As such, it is not a part of the flowchart. 
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The flowchart is drawn in figure 28 with the crooked arrow showing the 
comparison step that is initialised and modified for looping. The following is the 
comprehensive list of this type of comparisons possible in flowcharting 

J (X)<C 
J (X)=C 
J (X)>c 
J (X)#c 



Fig. 28 

Example 19. There are 1000 students in for an examination. The roll 
number of a student, his name and marks obtained by him in the 10 papers are 
encoded m a punched card. Cards are input into the CPU one by one for finding 
for each students the number of papers, N in which he scored distinction by obtai- 
ning 75 out of 100 or more marks. Name is held by NAME, Roll number by 
ROLLNO and marks by MARKS (X), X=»l,2,3, 10. 

The flowchart is shown in figure 29. The crooked arrow shows the comparison 
step of major interest. This comparison involves a constant 75. The following is 
the comprehensive list of this type of comparisons valid in flowcharting. 







(On R.H.S. ajphabetics of special symbols 
can also be had). 


J (X)<75 
J(X)=75 
J(X)^75 
J(X)>75 



Fig. 29 

Modification of the "Transfer Step". 

Example 20. Assign a value of 37 to each of the array, J (X), X=l,2...10. 

The crooked arrow in the flowchart of fig. 30 shows the “transfer” step of 
interest whenn 37 is put in each of the 10 locations designated in general by J (X). 

Example 21. Transfer the contents oflocations J (X), X=2, 4, 6, 8, 10 

20 toK(Y), Y=l, 2, 3 10. 

The flowchart IS shown in figure 31. The crooked arrow shows the step of 
major interest wherein K (Y)’s are successively equated to J (Xj’s. 

Example 22. Transfer the contents of location J (0) to each of the following 
10 locations. 





4 ^ 



Fig. 30 Fig. 31 


The flowchart is shown in figure 32 for transferring the content of J (0) tc 

each of J (1), J (2), J (3) J (10). The crooked arrow shows the step of majoi 

interest. 

Modification of Arithmetic Steps 

Example 23 It is desired to add contents of 10 locations J (X), X=>4, ' 

10 31 and K (Y), Y>=1, 2, 3 10 on a one to one basis and put the results i 

R (Z). 7=2, 4. 6.. .. 20. 

The flowchart is shown in figure 33. The step of major interest has a croo 
ed arrow to it. The following is the comprehensive list of such types of steps. 

. R (Z) = J (X) + K (Y) Such types are 

R (Z) «= J (X) - K (Y) also valid; 

R (Z) « J(X) • K (Y) R (Z) = R (Z) + J (X) 

R(Z)-J(X)/ K(Y) R(Z) = R(Z) / J (X), etc. 
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More Examples on Modification of Arithmetic operations. 

Example 24. Multiply R (Z), Z-»2,4,6 20 and K (Y), Y = 3, 6, 9. ,.30 

on a one to one basis and put the results in J (X), X = 19, 18, 17 10. 

The flowchart is shown in figure 34. It is the intention here to bring out the 
fact that decrementing of L.H S J (X) (in general even one or both designations 
R.H.S ),is also valid by one (in particular and in general any integer). 

Exampale 25. Add Rs. 45 (a constant) to the wages of 10 persons designated 
by J (X), X = 1. 2 10. 

The flowchart is drawn in figure 35. The crooked arrow shows the step for 
adding a constant to the contents of a location. Other permissible steps of this type 
are as below ; 

J (K) = J (X) - 45 
J (X) - J (X) * 45 
J (X) = J (X) / 45 
K (Y) « J (X) + 45. etc. 
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Fig 34 Fig 35 

Example 26. Point 6 ‘P’s in the pattern be’ow. 

012 (print position) 

P 

P 

P 

P 

P 

P 

007 (print position) 

The flowchart is drawn in figure 36 The print instruction has the following 
two fortitats. Printing is done in one line by hn instrilctiOn. 

1 Print (Given material as ‘P’ here) starting at print po'ition (001 to 160) 
We want Jo print ‘P’ at starting print position 012; therefore, we give the instruc 
tion “Print ‘P’ at V”. Y is the print position on the continuous stationery whicl 
usually can accommodate 160 characters in one line. We want to pnnt ‘P’ at the Y tl 
position. In the given pattern ‘P’ in the first line is to be printed at position 12 










r 
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therefore, at 1 3 and then decremented by 1 . This is followed by “lime CS fee 
which means programming to raise the continuous stationery by one line so that 
is set for pnnling the 2nd ‘P’ in the 2nd line. By means of the loop Y is decrement 
from 012 one by one so that ‘P’s are printed at positions 012. Oil, 010, 009, 008, C 
in successive lines, 

2. Print (Contents of a location) at starting print position (001 to 160). 

This type is illustrated in the following example. 

Example 27. 64 locations J (X), X ■= 1,2 64 hold 64 3-digit quantiti 

[ It 15 required to draw the flowchart for printing these in an 8 X 8 matrix as below ; 


412 331 602 400 405 403 408 421 
424 425 423 422 421 420 419 426 



Fig, 36 


Fig. 37 







47 


The flowchart is drawn in figure 37. The first row figures in the above 
matrix are the contents of J (1) to J (8). The second row figures in the above matrix 
are the contents of J (9) to J (16). Moving this way the figures of the last row arc 
the contents of J (57) to J (64). 

The first column is printed at start position Y = 005, the 2nd column at 
Y = 010, and so on, so that the 8th column has the print position, Y == 040. Thus 
in the flowchart when Y becomes 040 it is a signal that the pnnt'ng of a line is over; 
therefore, the continuous stationery is raised by a line, Y reset at 005 for commen- 
cing the printing of the next line. 

We are giving an increment of 5 to Y which is the minimum necessary. It 
could be more but it should not be less because the three digits and the sign (for, 
say debt / credit as + or — ) would require 4 print positions and the fifth position 
would be left blank as a gap between two neighbouring quantities. 

Example 28. Q (X), holds 9 quantities Ql, Q2. ...Q9. Obtain the highest 
quantity in location H and the lowest quantity in location L. 



Fig 38 
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The flowchart is shown flgure 38. In addition to the given symbols anothi 
symbol Q [which is the same as Q (0)J is used to hold Q 3, 24, .. Q 9 in turn. 


Wc start in the manner of example 5 on page 24. Having put that way th 
higher of Q I and Q2 in H and the lower in L tentatively, from step 1 onwards, v 
want to compare Q3, Q4 ... Q9 m turn with H and L. In fact, steps 4 to 7 ai 
similar to the later part of the flowchart of example 5 on page 24. 

In steps 1 and 2 we prepare X «=■ 3 for step 3 which now reads “Q = Q (3)’ 
What we have done is that we have put the contents of Q(3) in Q and in steps 4 t 
7 we work on Q instead of Q (X). Why are wc reluctant to work with Q (X) straigi 
m steps 4 to 7 ? well w c could do so and we would get the wanted results. But b 
working with Q (X) diicctly in step 4 to 7 these steps would read as below on th 
L.H S. ‘rather than on the R.H S. as in the flowchart. 


Step 4 Q(X)>H 1 

Step 5 H = 0(X) 1 

Step 6 Q(X)<L I 

Step 7 L = Q (X) J 


r Q>H 

rather 1 H=Q 

than I Q<L in the flowchai 

L L = Q 


So if we work with Q(X) straight in steps 4 to 7 we shall have to set X ■= 
in each of these steps. But by having equated Q with Q(X) we can work with ( 
and wc do not have any problem of setting X m steps 4 to 7. 


Example 29 In locations J (X), X 1,2 200 are held 200 quantitie: 

Draw flowchart for finding the ratio of the total number of quantities indivisible b 
10 to that of divisible by 10. 


The flowchart is shown in figure 39. The following symbols are used in i 


NONTEN Total number of items not divisible by 10 

TENNER Total number of items divisible by 10 

RATIO Ratio NONTEN/TENNER. 

J(X),X = 1,2 200 

This used to hold the last digit of a quantity. 

Partial transfer (as we have done in this flowchart) of one or more consccutiv 
digits from one location into another location is valid. 




Fig. 39 


Example 30. It is required to compute the geometric mean of six past prices 
for each commodity in an inventory of 50 commodities, the 6 prices having been 
encoded m a punched card which are read into the CPU m locations designated by 
VALUE 001 to Value 006. Draw the flowchart. Use would be made of a S R. to 
compute the 1/6 powers. 

Here again in Fig 40, modification instruction is put to use, which is 
always the case whenever an array or a list of variables are to be processed 
similarly. 

Example 31. It is desired to sort 5 quantities in a list held in the CPU loca- 
tions symbolised by LIST 001 to LIST 005, Draw the program flowchart. 
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Switching or Exchange Method of Sorting Within the CPU 
The LIST X to be sorted is assumed to be as follows : 

LIST X (1) 

LIST X (2) 

LIST X (3) 

LIST X (4) 

LIST X (5) 

The logic of method depicted in the flowchart in fig, 41 may be summarised 
as follows — 

1. Check the first pair of values in the list X-that is, compare X (1) and X (2). 
If they are in the right order, X (1XX(2), leave them alone and proceed to check 
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the next pair of values. If however X (1)>X(2) they are in the wrong order and 
need to be switched i.e. exchanged before proceeding to a check of next pair, X (2) 
and X (3). 

2. After one pass through comparing each neighbouring pair of the values 
of X, it IS necessary to go through another pass to ensure that each pair of values 
IS now in the right order (that is if no switching occurs during the pass) another pass 
IS still required to ensure that a sorted list is being achieved. 

For illustration of how the sorting logic work’s the LIST X is assumed to be 
as follows before sorting begins : 

LIST X (1) = 1 
LIST X (2) = 5 
LIST X (3) = -2 
LIST X (4) = 7 
LIST X (5) = 4 

The values of the elements of X during the first pass through the list are 
summarised below : 


LIST 

VALU£ OF X WRiNB 1 st P/ISS 

AFT£/? 

I 

LOOP 

r-i 

1=2 

1-5 

1-4 

xO) - 

1 \ 

1 


/ 

1 


5 ) 



-2 

~2 

X®- 

-2 



5 

5 

x/y- 

X(5)- 

7 

h 

7 

7 

7" 

/.,y 

Ny 

P FA^ITCHINS 

NO 

y£3 

NO 

y/es 


S'AlO!-. Or S 

0 

( 

1 

2 

2 


The value of I only goes from I to 4, since when I == 4 the last pair of values 
of X, X (4) and X (5), will be compared. 

As-demonstrated above, after one pass through the list, the value in LIST X 
are not all in the right order since two switches occurred during the pass. Hence a 
second pass through the list is required. The value of the elements of X during tho 
second pass are as follows. 






52 


1 isr 

value of X i:‘'RJNG 2ND PA5?> 

J 

/.OOP 

l-l 

1-2 

1-3 


X(l) ^ 

1 

-2 

-2 

-2 

-2 

X0' 

-2 

1 

1 

1 

1 

x(jk 

5 

5 

5 



X(^)= 

h 

U 


5 

5 

xfc] 

7 

7 

7 

7 

7 

^l-'JlILhlNG r 

y£3 

A/D 


NO 


\ALlif. CF S 

1 

' 

2 

2 

2 


In the third pass no switching would be there i.e. 5^=0, meaning that th« 
list is sorted. 
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The'flowchart is drawn above and explained below. 

Step I. The switch counter is set equal to zero. 

Step 2. This step initialises the loop to follow. 

In steps 4 and 5, we are using LIST (X) as the general symbol for the five 
locations ; 

LIST (1), LIST (2), LIST (3), LIST (4) and LIST (5) holding the five numbers 
to be sorted in the ascending order. Naturally, therefore, if LIST (X) is made LIST 
(0) by setting X = 0 in step 2 under explanation LIST (X4- 1) would mean LIST (1). 
Thus having set X = 0 in steps 4 and 5, LIST (X) means LIST (0) and LIST (X+1). 
means LIST (1). Surely LIST (0) is not one of the five locations holding the five 
numbers. This is set right in step 3. 

Step 3 X IS incremented by 1 in the following steps, 4 and 5. This makes 
LIST (1) of LIST (X) and LIST (2) of LIST (X + 1). 

Step 4, LIST (1) IS compared with (2). 

Since we know LIST (1) = 1 and LIST (2) = 5 are in the right (ascending) 
order no switching is needed, therefore, steps 5 and 6 are bypassed. 

Step 7, Since X=1 and not 4 therefore, the program flowchart loops back to 

step 4. 


Step 3. X IS incremented by 1 so that step 4 reads “Is LIST (2)>LIST (3)?“ 
Since we know LIST (2) = 5 and LIST (3) =» —2 and as such the answer to the 
question of step 4 is in affirmation We, therefore, proceed with step 5 and switch 
the contents of the two locations In step 6, the switch counter is incremented by 
1 to count that one switching has taken place. 

In this manner, the loop is executed 4 times (X = 4 in step 7) and then we 
take up step 8 which poses the question, “Is S, switch conuter = 0?” We know 
S 7 ^: 0 . therefore, the flowchart loops back to step 1 for the 2nd pass. 

Note I : If It were required to draw the flowchart for sorting those quantities 
in the deseeding order the above flowchart with step 4 modified as below would 
serve the purpose. 

LIST(X)<LIST(X+1) 

Ref to example 31 (B) 

Note 2'' In the above flowchart, we have condensed the printing step 9. 
Supposing the list were to be printed in the format below expand step 9 as an 
exercise. 
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— 1 (Start print position 035 
1 

4 

5 
7 

£xample]31 B. Wntc a computer programming flow chart to arrange 20 
members in descending order. 



Fig 41-A 
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Exercises Set 1 

1. Draw flowcharts, one each for suoiming up the following senes 
1A+2A»+3A®+4A*+ N terms 

2.3 “*■ X4 ■*’ TJ 5.?" ■*' 

lii ix li li 

13 . 2 4. 3.5 . 

TaT + W + Tm + ^ 

1A-2A*+3A*-4A«+.... N terms 

2. Draw a flowchart for finding the 16ih root of a number. 

3. Draw a flowchart for computing and printing the simple interest for 10, 
11,1^12, 13 and 14 years at the rate of 3% per annum on an investment of Rs. 10,000, 

Miscellaneous Solved Examples 

(After having gone through these the student may want to redraw these by 
closing the study paper) 

Example 32. Salaries of 100 persons are designated by J (S), S= 1,2,3 .100. 
Draw flowchart for finding%age of the following salary ranges. 


<Rs. 1500 (per month) 

1500 to 3000 
>3000 

The flowchart is drawn in figure 42. 



Fig. 42 
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Example 33 : The commission rates for salesman of Acme Company are 
given in Table 1 Salesmen in different titles have different quotas and their 
commission rates depend on whether or not they meet their quota. The quotas are : 
for junior salesman, none, for associates, an average monthly sales amount of 
Rs. 40,C00, for seniors, an aveiage menlhly sales amount of Rs. 1,00, COO. For 
each salesman, his number, class and the sales made by him during the last twelve 
months are available. 

Draw a flowchart suitable for preparing a prcgiam in any higher-level 
language to do the following : — 

Read in the details pertaining to each salesman; calculate his average mon- 
thly sales, compare it with the quota fixed for him; calculate the commision for each 
of the twelve months’ sales based on commision rates given in Table. Report as out- 
put his number, class, his monthly sales value and the corresponding commisson 
and finally his total sales amount and the total commission due to him. 

Table 1 — Commision Details 


Title 


Commission if quota 
IS not met 


Commission if quota 
is met 


Junior 
(Class 3) 
Associate 
(Class 2) 


Senior 
(Class 1) 


Solution : 


5 per cent of sales amount 
on all sales. 

5 per cent if monthly sales 
amount is less than the quo- 
ta amount, 10% if monthly 
sales amount is greater than 
or equal to the quota. 

10% if monthly sales amount 
IS less than quota amount, 
15% if greater than or equal 
to the quota. 

See Fig 43 on Page 57 & 58. 


5 per cent of sales amount on 
all'sales. 

10 per cent if the monthly sales 
amount is less than the quota 
amount; 15% if it is greater 
than or equal to quota. 

15% if monthly sales amount 
IS less than quota amount; 20% 
if it IS greater than or equal to 
quota. 


Example 34 : Acme India is engaged in selling of electrical appliances to 
different categories of customers. In order to promote its sales, various types of 
discounts are offered to various customers. The present policy is as follows : 

(i) On cooking range, a discount of 10% is allowed to wholesaler and 7% 
to retailers if the value of the order exceeds Rs. 5000. The discount rates 
are 1?% and 9i%, if the value of the order is Rs. 10,000 and above 
(li) A discount of 12% is allowed on washing machine irrespective of the class 
of customer and value of the order. 

(ill) On decorative items, wholesalers arc allowed a discount of 20% provided 
the value of the order is Rs, 10,000 and above. Retailers are allowed a 
discount of 10% irrespective of the value of the order. 

Draw a program flowchart for the above procedure. 

Solution ; See Fig 44 on Page 59 & 60. 
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Examples 35 to 37 should be done after having gone through OR study V 

Example 35 . Referring to the first solved example in Replacement Theory 
in OR study V draw the flowchart for finding the optimal replacement interval and 
the least cost. The following symbols may be used. 

C Initial Capital Expenditure 

S Salvage Value. 


CAPT C— S(fixed for all periods) 

Printout is to be had in the format below. Also given are the necessary 
symbols. 






Cumulative 



Period 

C-S 

Running 

Running 

Total 

Average Cost 




Cost 

Cost 

Cost 


Symbo 

N 

Symbol 

Symbol 

Symbol 

Symbol 

Symbol 



CAPT 

R (X) 

CUMR 

TOCOST 

AVCOST 




X=l,2 ..T 



X=l,2.. T 

Last p 

eriod 






N= 

=T 







The flowchart is drawn in figure 45. Stepwise explanation follows : 


Step 4 X of R (X) is set at zero. This initialises the loop from step 5 through 

step 13. 

In this loop, in step 8, R (X) are accumulated in CUMR one by one Total 
Cost is computed by adding C-S to CUMR m step 9, average cost is computed m 
step 10 by dividing total cost by N and the following are printed in step 11 in a line 
as above. 
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F]g 45 

Example 36. Draw the program flowchart for finding the optimal replace- 
ment interval for example 8 of the replacement theory, study V of OR Rate of 
interest, r is given. 
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An excerpt of the solution of this example for Machine A is given below. 
Symbols used in the flowchart below are also given at the bottom of the excerpt. 
R=l+r 


Year 

Running | 


Col. 2x! 

2 col. 4 

] 

Total 

yn-l 

Col 2 X Col 7 
e g. 2iid fig of 

Cost 

yn-1 

Col 3 , 


Cost 

1 

V-1 

Col 2x 1st fig. 
of Col 7 

i 

l 

3 

4 1 

5 

1 

7 


1 

800 

1.0000 

800 

800 

5800 

1.0000 

800 

2 

*800 J 

! 0.9091 

727 

1527 

6527 

1.9091 

1528 

3 

800 

0 8264 

661 

2188 

7188 

; 2 7355 

i 

2189 

X=l. 

2 .T 

! R(X) 

1 

F 

F*R (X) 


TOCOST 

(X) 

1 

CUMF 

COLS 


COL is Accumulated in TOCOST 

Step /. Initial Cost, Salvage Value, S, the total years for which data is 
given T. R=l-fr and R (X), the running costs are read via, say, a punched card. 

Step 2. LetTOCOST=C-S 

Step 3. Set F=1 and X«=0. F would be made J-.... in turn in the 

K K* 

loop to follow. 

Step 4 . X is incremented by 1 in steps 4 to 8 i.c., in the loop whenever 
it is used. 

Step 5. TOCOST (X) i c each flgure of Col. 4 is computed by discounting 
R (X) with the discount factor F. F is 1 to start with. In step 10 it would be made 

R ’ ® 

Step 6. Col. 6 figures arc obtained m T0C05T which accumulates Col. 4. 

Step 7. -y — \ V', therefore, it is obtained (i.c. figures of Col. 7) by 
1-0 


accumulative F’* in CUMF. 

Step 8. COL 8 (i c. col 8 figures) are derived by multiplying CUMF with 
R(X+1) i.e, running cost of the following row. 

Step 9. COL 8 is compared with TOCOST. 
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Fig. 46 

Evample 37. Draw flowchart for fmditrg the optional replacement interval 
for group replacement (for items that fail suddenly) with reference to example 9 on 
Replacement Theory in OR Study V) 

The flowchart is drawn in figure 47. The following symbols have been used. 
N Number of bulbs in the installation. 

GRCOST Cost of replacing a bulb in a group. 

INCOST Cost of replacing an individual bulb. 

P (X) Probability of failure (Not to be confused with the given 

“probability of failure to date” m example 9, OR Study V) 

in X-th week, X=l,2 

The above are read in : 

T Replacement Interval, T will assume values 1,2 

N (Y) No. of bulbs individually replaced in period Y = 1,2,3 

TERM No Pi, or No Pt, etc. In general, it is N (Y)* P (X). It is 

to be noted that X+Y—T. 




6S 


TOCOST Total cost. It holds the total costs for 1 week, 2 weeks, 3 weeks, etc. 
in turn. 

AVCOT Average cost for replacement interval T. 

Step-wise Explanation ; 

Step 0. Clear all working locations. 



Fig. 47. 
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Step], N, GRCOST and INCOST are read in via, say, a punched card. 
Also read m are all P(>C). To tie P(X) to the solved example 9 of OR Study V 

P(l) « 0 05 

P(2) * 0.08 

P(3) = 0.12, etc. i.c. they are pre-computed. 

Step 2. T IS set at 0 for the outer loop from steps 4 through step 14. 

Step 3. Total cost is set at the periodic group replacement of N bulbs at 
1000 X 0 60. 


Step 4. T is incremented by 1 i e to start with it is 1 weekly replacement 
policy. Thus step 4 through step 15 constitute the replacement policy loop. 


Step 5. Y = 0 

X = T-Y 

this loop we shall compute 


I for the inner loop from steps 6 through Step 10. In 


Nx = NoPx 

Nil = NoPi+NjPi 

Na ■= NoPa+MiPi+MsPi, ete, m turn. 

Step 6. TERM = N (Y)*P(X) 

Since to start with T = 1, Y «=0, X = T— Y+1; 

TERM = N(0)*P(1) i.e.NoPi 

Step 7. We compute N(T) i e. N(l) to start with as the sum of previous 
value of N (1) which is zero and TERM which is NoPi- 

Step 8. & 9. Y becomes 1 and X becomes 0. 


Step 10. For Nj only one term; therefore X = 0 makes it an exit from the 

loop. 

Step 11. The inner loop yields the values of N (1), N (2), etc. in turn i e. 
the number of individual bulbs to be replaced in each week chronologically. To 
TOCOST is added the cost of individual weekly replacements. 


Step 12 Average costs arc computed and stored in AVCOST (T) i.e. 


AVCOST (1), AVCOST (2), etc. 
AVCOST (0) = 0, made in step 0. 


Step 15. AVCOST (T) is compared with AVCOST (T— 1). If it is more it 
means AVCOST (T—l) was optimal with (T—1) as the optimal replacement period; 
AVCOST (0) the latter being zeroised in step 0 it is an exception to step 1 5, 
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Step 16. The interval T and the corresponding average cost are printed. 

Example 38. There are 1500 students for an examination. Each student 
appears in 12 papers. Pass marks for each paper are 40%. His roll number and 
marks obtained by him in each paper arc transcribed on a punched card, thereby 
giving a deck of 1 SOO punched cards. It is desired to draw the program flowchart 
for printing the following report. If a student scores 75% or more marks in a paper 
the marks would be followed by ‘D’ in printing to designate distinction in that paper. 
Provided student has failed in not more than 1 paper he would be exempted in each 
paper where he obtains 60% or more marks and this would be designated by printing 
•£’. However, a student failing in one or more papers fails. 


1 

Marks in Paper No. 


Roll No. 

1 

2 

1 

1 

3 

1 

1 

4 5 

1 

6 

j 

7 

8 

1 

] 

1 

060 

1 

i 

i 

^ i 

9 

1 

1 10 

t 

1 

11 

12 

Total 
marks or 
‘FAIL’ 

Print 

Position 

020 

1 

1 

025 

030 

1 

1 

1 

035 

1 

1 

1 

o 

o 

1 

1 

1 

045 

050 

1 

j 

o 

^ 

065 

070 

1 

1 

1 

1 

075 

1 

080 

1 

1 

1 

090 

1 

1 

No. of 
Exemptions 


1 

1 

1 

i 



1 


1 

i 

! 

1 

— 


! 

1 

No of 
Distinctions 



1 



i 

1 






No. of students passing all papers 


No. of faileri students 

The flovvchart is drawn on p. 6^ to 71. The following symbols have been 
devised and put to use in it- 


ROLLNO 


Roll Number of a student 



6S 


M (X), X=l, 2 .. 

.12 Marks obtained by a student in paper No. X=/l,2...12 

FAIL 


Counter for accumulating the number of papers 
in which d student fails. 

TOPASS 


Total number of pass students 

TOFAIL 


Total number of fail students ^ 

TOTAL 


Total marks obtained by a student in the 12 papers 
are accumulated in it. 

MARKS 
i e. 12 locations 


It holds the marks obtained by a student in paper 
no. 1,2 12, one by one, in turn. 

E(X),X= 1.2 

. 12 

Each of these accumulates the number of students 
exempted in paper no X, X = 1,2 12. 

D(X),X= 1,2 . 
i e. 12 locations 

12 

Each of these accumulates the number of students 
getting distinction in paper no. X. 


X = 1,2. . 12, 


Step-wise Explanation 

Step 0 All working locations are cleared. This ensures erasure of any data 
in these of a previous program. 

Step 1. The headings (ROLLNO , MARKS in [each paper etc ) are 
printed. This is followed by raising of the continuous stationery by one line in 
step 2. 

Step 3. The roll number of a student and marks obtained by him in each of 
the 12 papers are read into the CPU from a punched card. 

Step 4. Roll Number is printed at print position 025. 

Step 5. X representing the paper number is set at 0 as initialisation of the 
following loop. 

Step 6. X is incremented by 1 in the following loop so that M (X) becomes 
M (1) in it. 

Step 7 It is ascertained if M (X) is less than 40 or not i.e. if the student has 
failed in this paper or not. 

Step 8. If he has failed (i.e., scored less than 40 rnarks). FAIL is incremented 

by 1. 
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Step 9. It, is ascertained if X has become 12 i.e. if all the 12 pepers have 
been checked for pass or fail. 

Step 10, 11. 12. The number of students passing or failing is incremented by 
1 depending upon if FAIL = 0 or not. 








^0 


5/cp 75. TOTAL (used for accumulating the marks of the student in tte 
papers) is zeroised as initialisation of the following loop. 



(Continued) 


(N.B. Before step il another comparison step to ascertain if it is the end of 
the page may also be included). 



7l 


6 # 



Fig. 48 
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Step 14. X, and Y (representing the print position which for mark in ttie 
first paper is 025) are set at 0 and 020 respectively as initilisation of the following 
loop. 

Step 16. Marks in paper no X are transferred to MARKS. 

Step 17. Marks in a paper are printed at position Y. 

Step 18 to 26 Total marks of a pass student are accumulated in TOTAL. 

For a failed student E(X) (used for accumulating the number of students 
exempted in paper X) is incremented by 1 if he has not scored less than 60% marks 
n paper X then L is printed 

Likewise a pass student scoring not less than 75% marks in paper X is 
awarded distinction in it by printing D Also D(X) is incremented by 1, 

Step 27. Ifallthel2 papers have not been processed the flowchart loops 
back to step 15. 

Step 28. It IS ascertained if a student has failed in no paper or not. 

Step 29 If he has passed in all his total marks are printed at print 
position 90. 

Otherwise, in step 30, “FAIL” is printed and FAIL is subsequently zeroised 
in step 31. 

Step 32 If all 1500 cards have not been processed the flowchart loops back 
to step 2. 

Step 33. The continuous stationery is raised by 2 lines to print “NO OF 
EXEMPTIONS” in step 34. 

Step 35 to 39. The total number of students exemped m each of 12 papers 
is printed. 

Step 41 to 44. The total number of students getting distinctien in each of 
12 papers is printed. [Since, the two segments in the dotted portion here arc almost 
identical a subroutine could be used for these]. 

Step 55 {condensed). Rest is summary data that is printed. 

Example 39. Write a program flowchart to process data in the format 
shown below , 


Employee No. 

Job classification 

No. of years 

Employee’s 


code 

employed 

current annual 




salary 


Punched Card 


Each employed is to receive a% age salary increase based on the job classification 
and the number of years employed. The following table shows the % age increase 
for the difierenf job classifications and years of employment. 





Job Class 


Years 

Employed 

1 

2 

3 

4 

5 

0-1 

5% 

5% 

5% 

5% 

5% 

2-5 

10% 

10% 

15% 

15% 

15% 

6-10 

15% 

15% 

15% 

>5% 

20% 

11-20 

20% 

25% 

25% 

25% 

25% 

21-99 

28% 

28% 

28% 

28% 

30% 


J(l) to J(5) 
J(6l to J(10) 
J(n)to J(15) 
J(16) to J(20) 
J(2I) to J(25) 


The Problem is to determine for each employee the rupee amount of the increase 
and pnnt on one line the employee number, the old salary, the increase and the 
salary after the increase. At the end of the report print the tolalofall increases 
and the total of all new salaries. 



Solution. The flowchart is drawn in the figure 49 above The following 
symbols have been employed. 







n 


J(l) to J(25) hold the table of% age increase. J(l) to J(5) are meant for the 
1st row, J(6) to 10 are meant for the 2nd row and so on. 


YR 

Job 

Y 


INC 

OLDS 

NEWS 

CUMINC 

CUMS 


Years Employed 

Job Class (1, 2, 3, 4, or 5) 

Working location tp determine location holding 
the % age from the given table on the basis of 
the years employed and Job Class. 

Increase in Salary 
Old Salary 
New Salary 

Cumulative Increase in salary. 

Cumulative new salary 


Explanation. First, we shall explain how Y is assigned a value. Suppose 
there is an employee with 7 years of serviee and Job class 4. Looking along the 
years of service across thc% age tabic this employee’s %age is to be found in the 
third row 1 c. in one of the locations J( II) to J( 15). Thus, if we first set Y=J( 10) 
and then make It J(13) in view of his Job Class 3 we would have got J(13) as the 
address of the location that contains the % age applicable to this employee. Steps 3 
to 11 set Y=0. 5, 10, 15, 20 for the 1st, 2nd, 3rd, 4th and 5th rows respectively. 
In Step 12 Y IS ircremented by the Job Class. 

In Step 13 we set X=Y for step 14. In step 14 we compute the increase in 
salary by multiplying the old salary with J(Y), the % age increase. 

Example 40. A Comprefaensive Flowchart for Processing Sequential 

under Batch Processing Mode. (Fig. 50) 

To explain the various steps let us suppose that the following are the n, aster 
file and transaction file record keys. 

Master File 1 2 4 6 9 11 17 20 21 22 29* 

Transaction File 1 2567911* 

*means end of the file. 

Also, please note that there are gaps in the keys of the master file. Keys 5 
and 7 in the transaction file represent new records created to be put into the master 
file appropriately in sequence. 

Please have a look at the definition of the various symbols used at the top 
of the flowchart 


Step 1. A master record is read Key=l 

2. A transaction record is read Key->1 

3. Is transaction Key*? 

No, it is 1 ; therefore, step 4 



4. Transaction Key Versus Master 

Key They are equal therefore. 
Step 5. * 

5. Master record is updated. 

Also accumulated are batch totals 
from the transaction record. Back 
to Step 2 Note that updated MR 
IS not put on the updated master file 

SYMBOLS 


M ® MA&TER 
Tm TRAN3ACTX)N 












% 


2. Read a transaction record Kcy=i 

3. Is transaction Key*’ 

No, It IS , therefore, step 4. 

4. Transaction Key (2) is greater than 
Master key (1), therefore. Step 7. 

7 Updated master record 1 is written on the 
output (C/F) magnetic tape, 

8. Next Master record is read Key=2 

9 Is master Key*? No, it is not, 
therefore, Step 4. 

4. Transaction Key (2)= Master Key (2) ; 
therefore, Step 5. 

5. Update master record 2. Also accumulate 
batch totals for transaction 2 Back to 
Step 2. 

2. Next transaction record is read Key =5 

3. Is transaction key*? No, it is 
not ; therefore, to Step 4. 

4 Transaction Key (5)<Master Key (2) ; 
therefore, Step 7. 

7. Updated master record 2 is written onto C/F tape. 

8. Next master record is read Key=6 

9. Is master Key*? No, it is 6 ; 
therefore, back to Step 4. 

4. Transaction Key (5)<master Key (6) , 
therefore. Step 6. 

6. New master record is creatsd by 
copying transaction record 5 on to CF 
tape. Back to Step 2. 

The student may proceed on this way until both the asterisks have been 
reached one by one. Likewise, he may “dry process” (just as we did above) the 
following, master and transaction files. 

Master I ilc 1, 2, 3, 4, 6* 

Transaction File 1, 4, 7, 8, 9, 10* 

Here new records 7, 8. 9, 10 have to be put at the end of the C/F tape. 
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Dry Run and Debugging the Program 

In study I, we stated that any program of some scope even written with 
great care is likely to contain some mistakes known as bugs in the technical jargon. 
There, therefore, is a need to remove these mistakes or debug the program. Debug- 
ging should start with the review of the flowchart through review of the program 
code and finally testing the program with fictitious data in one or more computer 
setups. 


Review of the flowchart also carried out by means of fictitious data and as 
such is known as the dry run since no computer setup is involved. We shall take up 
the flowchart of example 5 to elucidate the means to carry out the dry run. 
This flowchart is concerned with picking up the highest and the lowest of three 
quantities: Ql, Q2ond Q3 putting them m location? designated by H and L 
respectively. 

The flowchart of fig 13 is reproduced below in fig A except for the deliberate 
mistakes indicated by the crooked arrows in this fig (A). “Yes’’ and “No” have 
been interchanged, i e bugs have been deliberately introducted. Now let us see how 
these bugs are deleted by means of the dry run. 


We shall try three sets of values for Q 1, Q 2 and Q 3 as below : 


Ql 

Q2 

Q3 


Set 1 6 

2 

14 

Q3>Q I>Q2 

Set 2 3 

7 

15 

Q3>Q2>Q1 

Set 3 2 

4 

3 

Q2>Q3>Q1 

In Fig. A the data of the 

1st set have 

been ‘flown’ m the flowchart and it 


flows across the dotted lines in the flowchart. Ultimately, we end up with 14 in H 
and 2 in L. This is correct since we can see for ourselves that m the first set 14 is 
the highest and 2 is the lowest. 

In Fig. B on 87 the data of the 2nd set is flows and it flown across the 
dotted lines in this flowchart. Again, wc end up with the correct result, 15 as the 
highest and 3 as the lowest m H and L respectively. 

In Fig. C on p 79 the data of the 3rd set is flown Here we end up with 4 in 
H and 3 m L which is wrong since wc can see that 2 is the lowest in the 3rd set 
where as we are getting 3 as the lowest. This arouses our suspicion and we would 
caiefully scrutinise the lower poition of the flowchart until we detect the bugs. 

Following this up we shall rectify the flowchart and the program code. 

N. B : Dry run is synonymous with desk checking. 
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dUQ 


/RESULT I H=ii^ 

' - 2 > 


0-K 


Fig. A 


(By neansofsuih dry runs stuieat may want to verify the flowchart for the exercises he 
draws]. 


In larger -flowchart with many more branches we shall not be content with 
a mere dry run. We shall actually set up the computer with the given program 
loaded in its memory, input the test data, and compare the results otttput by the 
computer with the ones computed in longhand. The task of debugging is formida* 
ble indeed. 
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RESULT H-15 OK 

L-O 

Fig, B 


In complex programs there may be tens of thousands of different paths 
through the program It simply is not practical (and may not be even possible), 
to trace through all the different paths during testing. Boehm determined for the 
rather simple looking program flowchart that the number of the different paths is as 
astoundingly high as 10*®. He further observed, if we could some bow check out 
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RESULT H^U 

L=3 


Fig. C 

one path per nanosecond, and if we had started our testing in the year, 1. A. D., 
wc would only be about half done at the present time ! 

It is to be noted, however, that removal of the syntax errors diagnosed by 
the compiler is not the part of the debugging procedure. The programmer compiles 
the test data deck which should contain (1) typical data which will test the generally 
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used program paths; (2) unusual but valid data which will test the program paths 
used to handle exceptions ; and (3) incorrect, incomplete, or in appropriate data 
which will test the error handling capabilities of the program. 



The programmerr, after the dry runs loads the computer with the program 
to be tested, inputs the test data and obtains the output results which he compares 
with the results derived by him in long hand prior to processing If the program 
does not pass the test, 1 . e , the results do not tally. The progiammer may do the 
following : 

1. Trace through the program, a step at a time at the computer console ; 
but this facility is, usually, available with smaller and mini computers only. 

2. Call for a trace program run. The trace program prints the results of 
execution of each instruction in detail. It is thus comparable to console checking. 
However, less machine time is required. 

3. Call for a storage dump when the program hangs up (i. e computer 
hums) i.e. obtain a printout of the contents of the primary storage at the time of the 
hangup. The programmer can then study this listing for possible clues to the cause 
of the programming errors. 

However more bugs may come to notice upon parallel running, which is 
done upon program implementation with live data. 

Exercise, Set II 

(The student must do these. Mere understanding our examples is not 
enough) 

1. Wages of 500 workers are hold in J(w), w=l,2,...500. Draw the 
pragram flowchart for compiling the frequency distribution and printing it in the 
following formats. 

Class Intrreval 
< 300 
300 < 400 
400 < 500 
500 < 600 
600 < 700 
700 < 800 
800 < 900 
> 90Q 


Frequency 
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7 . Out of an array of number J(N), N=l, 2. „100, 5 number} are known to 
be zeros You have lo draw (he program flowcharts for squeezing the zeros out i e 
rearrange the 95 non-zeros number in location J(N), N = l, 2.. 95. 

Also, extend the flowchart for printing these 95 numbers in a 19x5 matrix: 
assume that a number is at most of six digits. 

3. J(E)E=1,2. .. 42 contains 42 quantities of 7 X 6 matrix. Draw the 
program flowchart for printing its transpose, assume that a number is at 
most of 5 digits. 


4. Names of eleven cricket playears are held in J,(X), X=l, 3, 5 21 and 

their respective batting averages in J(X), X=2, 4, , .. 22. You are to 
arrange the eleven players m the descending order of their batting 
averages 

5. Draw the program flowchart for summing up 1,11,111,1111, (10 terms) 

6. J(X), X=l,2 200 designate numbers. Draw the program flowchart 
for computing the following. 

1. The % ages of negative, zero and positive numbers, 

2. The sum of the-ve and-hve numbers separately. 

3. The sum of the absolute numbers. 

4. The sum of squares of all the numbers. 


7. Draw the program flowchart far printing the following pattern on the 
continuous stationery. 


M 


M 


M 


M 


M 


M 


M 


M 

M 

M 

M 

M 

M 

M 


M M 
M 


8. Referring to OR Study II, for the Newspaper Boy’s problem draw the 
program flowchart for finding the expected payoff of each strategy and 
picking Op the best strategy. 
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9. Assume that you opened a savings account with a local bank on 
1-1-1980. The annual interest rate in 5.75%. Interest is compouned at the 
end of each month Asuming that your initial deposite is x rupee draw a 
flowchart to print out the balance of your account at the end of each 
month for two years. 

10. Write a program flowchart to compute the mean and S. D. of Numbers 

denoted by J(X), X=l,2 N. 

11. The median of a list of numbers is defined to be item in the list that 
has as many items greater than it as less than it, if there is an odd number 
of items in the list the median is the average of the two middle items 
Draw a Program flowchart to read a list of numbers and print the median 

12 A-l-ve integer is called “perfect” if it equals the sum of its proper divi- 
sors. For example, the number 6 and 28 are perfect because, 

(Hints : Sort the list first) 

6=14-2+3 

28=1+2+4+7+14 

Write the flowchart to decide whether a +ve integer is perfect. 

Decision Table and Flowcharting 

Decision Table 


Introduction : 

A decision table is a table which may accompany a flowchart, defining the 
possible contingencies that may be considered within the program and the appro- 
priate course of action for each contingency. 

Decision tables are necessitated by the fact that branches of the flowchart 
multiply at each diamond (comparison symbol) and may easily run into scores and 
even hundreds. If, therefore, the programmer attempts to draw a flowchart directly 
he IS liable to miss some of the branches. 

A decision table is divided into four parts : 

(1) Condition Stub (which comprehensively lists the comparisons or condi- 
tions) ; (2) Action §tub whiph comprehensively lists the actions to be taken along 
the various program branches : (3) Condition entries (which lists, in its various 
columns the possible permutations of answers to the questions id the condition stub) 
and (4) Action entries (which lists, to its columns correspoeding to the condition 
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entries the actions contingent upon the set of answers to questions of that column). 
A decision tabic is given below as an example 


Part 1 


Part 2 



Granting Credit Facility 

Rl 

R2 

R3 

Cl 

Credit limit okay 

V 

N 

N 

C2 

Pay experience Favourable 

— 

Y 

N 

Al 

Allow Credit Facility 

X 

X 


A2 

Reject Order 




X 

1 


There are two conditions; Ci and in this table and two actions : Ai and Aj. 
According to Ri (a set of rules) if there is a “yes” to C, and C, is to be by passed. 
Action Aj will be taken that is “Allow credit facility”. Under Rg, Nos to both Cg 
and C, requires action Aj to be taken. 

With this example, wc given below the components of the decision table in 
more detail. 

(a) Condition Statement : Statement which introduce one or more conditions 
(i. e. factors to consider in making a decision). 

(b) Condition Entities : Entries that complete condition statements. 

(c) Action Statements : Statement whtch introduce one or more action 
(i.e. steps to be taken when a certain combination of conditions exist). 

(d) Action Entries : Entries that complete the action statements. 

(e) Rules ; Unique combinations of conditions and action to be taken 
under those conditions. 

(f) Header : Title identifying the table. 

(g) Rule Identifiers : Code (Rl,R2,R3) uniquely identifying each rule within 
a table. 

(h) Condition Identifiers : Codes (Cl, C2, C3.... ) uniquely identifying each 
condition statements/entry. 

(i) Action Identifiers ; Codes (Al, A2, & A3 ) uniquely indentifying each 

action statement/entry. 

These items are contained within the body of the table which is divided into 
four naajor sections by double or heavy vertical and horizontal lines as in the table 
above. 

Types of Decision Table ; There are three types of decision table ; 



Limited Entry Tables : In a limited entry table the condition and action 
statements are complete. The condition and action entries merely define whether 
or not a condition exist or an action should be taken. The symbols used in the 
condition entries are ; 

Y . Yes, the condition exists 
N : No, the condition does not exits. 

— : Irrelevant, the condition does not apply, or it (or blank) makes no 
difTerence whether the condition exists or not. 

The symbols used in the action entries are : 

X : Execute the action specified by the (or blank) action statement. 

— : Do not execute the action specified by the (or blank) action statement. 
Extended Entry Table 

The condition and action statements in an extended entry table are not com- 
plete, but are completed by the condition and action entries. 

Example ; 



Granting Credit Facility 

R1 

R2 

R3 

Cl 

C2 

Credit Limit 

Pay Experience 

OK 

Not OK 

Favourable 

Not OK 

Unfavourable 






A1 

A2 

Credit Facility 

Credit Action 

Allow 

Allow 

Reject Order 


Mixed Entry Table 

The third type of decision table is the mixed entry form which combines 
both the limited and extended entry forms. While the limited and extended entry 
forms can be mixed within a table, only one from may be used wrthin a condition 
statement/entry or an action statement/entry. 
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Example 1 


Granting Credit Facility 

R1 

R2 

R3 

Cl 

Credit Limit Okay 

Y 

N 

N 

C2 

Pay Experience 

— 

Favourable 

Unfavourable 






A1 

Credit Facility 

Allow 

Allow 

X 

A2 

Reject Order 




A systematic approach to the development of a limited entry decision table 
is presented below : 

Steps in preparing a limited entry decision table 

1 . List conditions and actions. 

2. Combine conditions which describe the only two possibihes of a single 
condition. In other words delete conditions which can be derived frcin 
the responses of the other conditions. 

3. Make yes or on (Y or N) responses and mark actions to be taken for 
each rule with X. 

4. Combine redundant rules to simplify table. 

5 Check for completeness. 

An example will be ueed to explain and illustrate the procedures. 

Example : 

A shop owner allows credit facility to his customers if they satisfy any one 
of the following conditions : 

1. Holding the present job for more than 3 years and residing m the same 
place for more than 5 years. 

2. Monthly Salary exceeds Rs. 1500/- and holding the present job for 
more than 3 years. 

3. Residing in the same place for more than 5 years and monthly salary 
exceeds Rs. 1500/- 

The facility is rejeted for all other customers. 
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Step 1 1$ to write down all of the eondltiona and actions : 

Conditions involved in the problems are : 

1 . Holding the present job for more than 3 years. 

2. Holding the present job for 3 years or less than 3 years. 

3. Monthly salary exceeds Rs. 1500/—. 

4. Monthly salary is Rs. 1500/- or less than Rs. 1500/—. 

5. Residing in the same place for more than 5 years. 

6. Residing in the same place for 5 years or less than 5 years. 

Actions involved in the problem are : 

1. Allow credit facility. 

1 

2. Reject credit facility. 

Step 2 IS to combine conditions which only describe the two possibilities of a 
single condition : 

“Holding the present job for more than 3 years” and “Holding the present 
job for 3 years or less than 3 years” can be combined, A single condition “holding 
the present job for more than 3 years” can represent both bet ause a “No” answer 
means holding the present job for 3 years or less than 3 years. The same reasoning 
allows the combination of 3 & 4 and also 5 & 6. 

There are thus only three conditions : — 

1. Holding the present job for more than 3 years. 

2. Monthly salary exceeds Rs. 1500/-. 

3. Residing in the same place for more than 5 years. 

Step 3 is to prepre the Yes and No responses using Y and N for all possible 
combinations of conditions and for each set of conditions make the actions to be taken 
with an X, 

No. of rules=2 "" 

In the example there are three conditions, so there will be 2* or 8 rules. The 
Y’s and N’s can be inserted in any order, but a systematic method will reduce 
the effort of filling in the table and reduce the chance of error. Start with the bottom 
row of the condition entries and fill in the row starting with Y and then alternating 
between N and Y. The row above this is filled in by writing two Y's two N’s, two 
N’s etc. The third row from the bottom uses sets of four Y’s and four N’s. This 
doubling of the sets of Y’s and N’s continues until the table is complete. Then 
analyse each rule and fil’ in the action entries. The figure below shows the completed 
table at this stage. 




Allowing Credit Facility 

RI 

R2 

R3 

R4 

R5 

R6 

K, 

R8 

Cl 

Hoeding the present job for 
more than 3 years 

Y 

Y 

Y 

Y 

N 

N 

N 

N 

C2 

Monthly salary exceeds 

Rs 1500/- 

Y 

Y 

N 

N 

Y 

Y 

N 

N 

C3 

Residing in the same place 
for more than 5 years 

Y 

N 

Y 

N 

Y 

N 

Y 

N 











A1 

Allow credit facility 

X 

X 



X 




A2 

Reject credit facility 




X 


X 

X 

X 


Step 4 IS to combine rules where there are redundancies : 

Two rules can be combined into a single rule if 

(i) all of the conditions except one have the'samc Y or N (or — ) condition 
entries and 

(ii) the actions are the same for both. 

(Rule with impossible combination of condition entries can be combined with any 
other rule if 

(ill) all of the conditions except one have the same Y or N (or—) condition 
entries (See Example 2) 

Combine the two rules into one and replace the condition entry of Y and N with a 
dash (— ), which means the condition does not affect the actions to be taken. Using 
this procedure rule R1 and R2 can be combined. In other words, if holding the 
present job for more than 3 years and monthly salary exceeds Rs. 1500/— then the 
credit facility is allowed without regard to the third condition viz. residing in the 
same place for more than 5 years. Rule R7 & R8 (oi R4 &R8) can be combined. 
The resulting table with redundancies removed is shown below ; 





Allowing Credit Facility 

R1 

R2 

R3 

R4 

R5 

R6 

Cl 

Holding the present job for 
more than 3 years 

Y 

Y 

Y 

N 

N 

N 

C2 

Monthly salary exceeds 

Rs. 1500/- 

Y 

N 

N 

Y 

Y 

N 

C3 

Residing in the same place 
for more than 5 years 

— 

Y 

N 

Y 

N 

— 








A1 

Allow credit facility 

X 

X 


X 



A2 

Reject credit facility 

1 




X 

1 


X 

X 


Step 5 IS check for completeness of the rules ; 

(1) Count number of dashes in the condition entries for each rule. The 
number of rules “represented” by each rule are 2“ where m is the number of dashes. 
Where there are no dashes, the number represented is 2° or 1, A single dash means 
2 rules have been combined etc. 

(2) Sum the number of rules represented by the different rules as computed 

above. 

(3) Compare the number of rules represented by the reduced table with the 
number to be accounted for, which is 2" (n no, of conditions). If they arc equal (and 
all othre features are correct), the table is complete. 

In the example, rules R1 & R6 have one dash and rules R2, R3, R4 and R5 
have no dashes. The sum of the rules represented by the rules in reduced tables is 
2 11112 which 18 equal to 2’ or 8. 

Therefore the reduced table is complete. 

Example 2. Select the largest of three distinct numbers A,B,C 
Step 1. Conditions involved in the problem are : 

1. A>B 

2. A>C 

3. B>A 

4. B>C 

. 5. C>A 

6. C>B 



Actions involved in the problem are : 

1. A is largest 

2. B IS largest 

3. C IS largest 

Step 2. Conditions 1 & 3 can be combined 
Conditions 2 &5 can be combined 
Conditions 4 & 5 can be combined 
Therefore there are only three conditions : 

1. A>B 
2 A>C 
3. B>C 


Step 3 No, of rulcs=*2'‘ conditions 


Select Largest 

R1 

R2 

R3 

R4 

R5 

R6 

R7 

R8 

Cl 

A>B 

Y 

Y 

Y 

Y 

N 

N 

N 

N 

C2 

A>C 

Y 

Y 

N 

N 

Y 

Y 

N 

N 

C3 

B>C 

Y 

N 

Y 

N 

Y 

N 

Y 

N 











A1 

A is largest 

X 

X 







A2 

B IS largest 





X 




A3 

C IS largest 




X 




X 


*R3 & R6 contain impossible combination of condition entries. 
Step R1 & R2 can be combined 


R3 & R4 can be combined 
R5 & R7 can be combined 
R6 & R8 can be combined 



a 


1 Select Largest 

R1 

R2 

R3 

R4 

Cl 

A>B 

Y 

Y 

N 

N 

C2 

A>C 

Y 

N 

— 


C3 

B>C 

— 

— 

Y 

N 



1 

i 



A1 

A 18 largest 

1 ^ 



1 

A2 

B is largest 



X 


A3 

C IS largest 


X 


X ; 

1 


Step 5. All the rules m the reduced table have one dash. Therefore the 
sum of the rules represented by rules in the reduced table is 2^ + 2’ -| 2* +2^ which 
is equal to 2^ or 8. No of conditions is 3 and therefore the no. of rules to be 
accounted for is 2^ or 8, Therefore the reduced table is complete. 

If problem has many conditions, the decision table may become quite large 
and difficult to follow. Since the objective of the table is to show the logic of the 
procedure as clearly and as simply as possible, a large, complex table should be 
avoided. In most cases a large problem with many conditions can be subdivided 
into two or more tables. One or more of the actions of the first table will specify 
that the user should proceed to another table to complete the logic. An example 
will be used to illustrate this use of more than one table. 

Example 3. A sales organisation is seeking to hire some salesmen and sales- 
women having special characteristics. They need only unmarried personnel between 
the age of 18 and 30. If male they want the salesman to be over 5J ft in height but 
less than 75 kg. in weight and not bald If female, the saleswoman is to be less than 
5i ft. in height and less than 55 kg. in weight and is to have sholder-length hair. 
This problem has nine conditions, which would mean a table with 2’“»522 rules 
before reduction. But the problem fits logically into three parts— the overall criteria, 
male criteria^ and female criteria. This suggests that threee decision tables should be 
used— initial screening, male selection and female selection. The result of this use 
of three tables is shown below. All tables have redundancies removed. 












INITIAL SCREENING 

R1 

R2 

R3 

R4 

Cl 

Unmarried 

Y 

Y 

Y 

N 

C2 

Age between 18 & 30 

Y 

Y 

N 

— 

C3 

Male 

Y 

N 

— 

— 

1 



{ 



A1 

Go to male selection table 

X 




A2 

Go to female selection table 


X 



A3 

Reject 



X 

X 

MALE SELECTION 

R1 

R2 

R3 

R4 

Cl 

Over 54 ft. m height 

Y 

Y 

Y 

N 

C2 

Less than 75 kg. m weight 

Y 

Y 

N 

— 

C3 

Not bald 

Y 

N 

— 

— 

A1 

Hire 

X 




A2 

Reject 


X 

X 

X 

FEMALE SELECTION 

R1 

R2 

R3 

R4 

Cl 

Under 5i ft. in height 

Y 

Y 

Y 

N 

C2 

Less than 65 kg. in W'cight 

Y 

Y 

N 

— 

C3 

Shoulder-length hair 

Y 

N 


— 



' 1 


A1 

Hire 

X 




A2 

Reject 


X 

X 

X 


As a reader develops some skill, he may be able to arrive more directly at 
the final table. However, the beginner should proceed carefully. 















(1) Complete and simplify the following decision table. 
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A4 Name on tourist wait 
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(2) Analyes the completeness of the following decision table : 


' 1 

TABLE X 

R1 

R2 

1 

R3 

R4 

R5 

1 

Cl ! 

Condition A 

: Y 

N i 

N 

N 

N 

1 

C2 

Condition B 

Y 

Y 

N 

N 

N 

C3 

Condition C 

1 — 

N i 

— 

Y 

N 

C4 

1 

Condition D 

I 

! 

1 

_ 1 

N 

1 ^ 

A1 

A2 


X 

X 

X 

X 

X 


(3) Prepare decision table for each of the following : 

(a) A cheque is presented at a bank. The cashier has to decide what to do. 
The rules state that "on presentation of a cheque the cashier is required to ensure that 
there arc sufficient funds in the account to meet the amount specified and to check 
that there exist no reasons why the cheque should not be honoured. Those cheques 
accepted and which are not outstation are not charged a handling fee, otherwise a 
charge at standard rates will be made”. 


(b) A University has the following criteria for deciding whether or not to 
admit a student for its graduate school : 


Admit a student who has undergraduate grades of B or better, has test scores 
on the admission test of over 550 and has a grade average of B or better for the past 
two years. Also, admit if overall grade average is less than B but the last two years 
average is B or better and the test score is over 550. Ad nit on probation if the over- 
all and 2 years grade averages ate B or better and test scores is 550 or less. Admit on 
probation if overall grades are B or better and test score is above 550 but last 2 
years are below B. Also, admit on probation if overall grades are less than ? aver- 
age and test score is 550 or less, but grades for past two years are B or better. Re- 
fuse to admit all others > 

i > 'i 
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Flowchart for a Decision Table 

Example. Below is given the decision table for the wage calculation m an 
organisation. Gross Pay (G. P.) is derived from the Guaranteed Minimum (G.M.) as 
follows : 

G P=1.05 GM when quantity produced, Q> 100 
“1 15 GM when Q> 120 

= 125GMwhen 130 

Also awarded is the quality bonus if a certain level of quality has been attained by 
the worker. However, in case Q ? 130 and the worker also attBins the aforesaid 
quality level his gross pay GP = 1 25GM+Quality bonus is subject to an overall 
maximum check which is performed by means of subroutine, SR 2 with the details 
of which we would not concern ourselves for the limited purpose ahead In the pro- 
gramme also incorporated is SR 3 which validates the wage no, in a transaction i.e., 
it checks if the wage no, is correct. Here again wc would not be concerned with the 
details of this subroutine which are beyond the scope of this discussion. The exit 
from the programme is made to a subroutine, SR 4 the details of which we ignore. 
The description has been captured in the first two parts of the decision table below. 

Part I contains all the possible question, 5 in number. 

Part II list all the possible actions. 

Part III lists the 9 feasible sets of answers. For example the first set has 
‘yes’ to all the 5 questions and the last set has ‘No’ to the first 
question and it bypasses the other questions which is noted by 
dots in Us column. 

Part IV indicates, by means of crosses (X) the actions to be taken for each 
set of condition entries. For example, under the set of answers, 1 
(all yes) there are four actions to be taken as noted by 4 crosses 
in the action entry column below it. 

The systems analyst/progranimer will first compile this decision table and 
therefrom draw the flowchart because he can set out the table without any likeli- 
hood of Ignoring an answer set In this section, our, endeavour is to explain how 
the flowchart is drawn from a given table We shall take this table as an example. 


N. B.i Often the flowchart for a decision table (when it is sniaU) can be drawn by common 
sense by oemprehending its import. 
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Part I 
Questions 


Part II 
Actions 


Conditions 

|. 

2 

3 

4 

Rules 

5 6 


7 8 

9 

Valid wage no ? 

Y 

Y 

Y 

Y 

Y 

Y 

Y 

Y 

N 

Qty. produced ^ 100 ? 

Y 

Y 

Y 

Y 

Y 

N 

N 

N 


Qty produced > 120 ? 

Y 

Y 

Y 

Y 

Y 

N 



Qty. produced > 130 ? 

Y 

Y 

N 

N 






Quality bonus ? 

Y 

N 

Y 

N 

Y 

N 

Y 

N 

. 

Gross pay— GP 







X 

X 


GP-1.05 GM 

« 




X 

X 



GP-1.15 GM 



X 

X 






GP-1.25 GM 

X 

X 








Add quality bonus 

X 


X 


X 





do max check SR 2 

X 

* 



. 


X 



do iiiv,did wage no S R 3 

• 




. 




X 

go to ihis tabic 









V 

do deductions calculations 

X 

X 

X 

X 

X 

X 

X 

X 


SR 4 




__ 







Part III 
Sets of 
Answer 


Part IV 
Sets of 
Actions 
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In lig. E we draw the segment of the flowchart for answers and actions of 
column 1 in the table. 

In fig F we endeavour to superimpose the segment of column 2 (shown in 
dotted line in fig. F) on fig. E But we see for the question “quality bonus” 7 that for 
both ‘yes’ and ‘no’ to it we find 


GP=1.25 G.M. 


Obviously then we should first compute 
GP=1.25 G.M. 

and then pose this question i.e. fig. F needs modification which has been done in 
fig. G. 




Figs. F gad O 



n 


In fig. H, we have superimposed the segment for col. 3 (in crosses) onto 
that of fig. G and we notice that the question “quality bonus “P” has to be posed once 
again. 

In this manner, we continue column-wise supenmpositon of segments until 
we end up with final flowchart as in fig 1 below. 

This shows that the flowchart is drawn by trial and error from the given 
table and quite a few erasures and rework would be involved. Also when the final 
flowchart has been drawn it can^bc verified against the give decision table. 




Fig. H 

Advantages of Decision Tables : 


Fig. I 


(i) It is possible to check that all test combinations have been consi- 
dered. 


(li) Alternatives arc shot^ side by side to facilitate analysis of combinations. 
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(iii) The tables show cause and effect relationships. 

(iv) They use standardised format. 

(v) Semi standardised format. 

(vi) Typists can copy tables with virtually no qecstion or problems. 

(vii) Complex tables can easily be split into simpler tables. 

(vii) They are easily understood by layman. 

(ix) Table users are not required to possess Computer knowledge. 

(x) Under certain conditions, a program may be written directly from 
the decision table. 

PART II RUN FLOWCHARTING 

Several business applications (viz Inventory Control) are discussed in this 
part by means of run flowcharts These, however, cannot be grafted on a given 
organisation i e , they are just hypothetical in nature and are given here to explain 
flowcharting. All the steps of systems analysis and design discussed m detail in 
Study III have to be gone through for arriving at flowchart for the various applica- 
tions for a given organisation tn practice. 

The transactions in these applications are punched on cards processed 
periodically against the master files to produce the desired reports, summaries 
projections etc. in a computer step (also known as the computer run). The Trans- 
actions may have to be sorted before the file up dating run. If these transactions 
are on punched cards these would be sorted by the key in which the master file has 
been arranged on a card sorter off line. If, however, the cards arc on a magnetic 
tape they can be sorted on line in several passes m what known as a sorting run. 

The punched cards have been used for the transaction files and the magnetic 
tape has been used for the master files throughout the study note merely for illustra- 
tion, Alternative media, however, can be employed. Which media actually to employ 
in a'given situation is again a system analysis and design matter and is adequatly by 
discussed in study III. 

It is to be carefully noted that all the data fields appearing on the output 
reports, summaries, projections etc. are after all either directly picked up from the 
transactions/master files or derived, after some arithmetic operations, from these. 
If therefore the layouts of the outputs are well-defined and the input layouts designed 
to suit the former writing of the program for a particular up-dating run becomes 
simple and can be- entrusted to the programmers. Incidently, we can also 
assert if the student is clear about layouts of outputs and of transactiona/master files 
for an application the run flowcharts should flow out of his hands naturaUy. Besides, 
m the program have also to be inerporated some check and controls to serve as 
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what we call, judgement. For Example, in a manual system if a clerk finds the price 
of a washer as Rs. 50 instead of 50 P., he would be suspicious, run around, get the 
correct price and amend the records accordingly. The computer docs not possess any 
such judgement and it would accept Rs. 50 as the correct price for a washer and even 
pass the invoices sent by the supplier. Therefore there is a need to build in checks 
and controls in the pragram so that, such errors or omissions can be detected 
and brought to the notice of the computer users Invariably, in an up-dating run 
one of the outputs is an error list and summary information which contains such 
errors and the batch totals computed by the computer. These totals arc then com- 
pared with the ones derived manually prior to processing as discussed in study I, 
and the errors detected via the checks and controls are scrutinised by the user 
departments and ultimately rectified and re-submitted for computer processing. 

Another point which needs some explanation at his stage is the term, 
integration. Integration of sub-systums implies use of the same transaction copies 
and files. 

There are several gradations of integration. In a rudimentary way, it can be 
had even in manual systems. For example, a company has a simple integrated 
procedure for processing goods received notes. In this procedure, the receiving 
organisation puts a stamp on the back of the advice note received along with the 
goods from the suppliers. This stamp carries all the usual particulars to be found on 
a goods receipts note. This single copy of the advice note then travels from the 
receiving section through the inspection, stock control, purchasing to invoicing section 
etc. All these sections update their files with this single copy and make the appro- 
priate noting on it. This is an example of the integration of various departments 
i.e., all of them use the same copy of the transaction m contrast to un-integrated 
systems where the goods receipt note is prepared in several copies and each depart- 
ment uses its own copy. In all the applications discussed in the study note, this 
concept of multiple use of the same transactions is to be found. The transactions 
may be put on punched cards or magnetic tape, etc. for computer processing but 
they are never multiplied in several copies. Integration at a higher level also implies 
fusing of the various files into a data base and is discussed in more detail in 
study III. 

1. Sales 

A computer-based sales order processing system characterised by the 
following possibilities of integration:— 

1. Sales accounting and sales analysis are integratediwith accounts receivable 
operation and records. 

2. Credit functions can be integrated as far as possible into the overall 
flow of automated processing, 

3. The sales application is closely related to inventory control processing. 


J 
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Integration of credit functions is based on the assumption that credit revieW 
contains elements that are capable of being handled by « computerised system. This 
assumption is valid if credit review involves the application of set of criteria in a 
systematic way without any resort to subjective considerations. Nevertheless, even if 
the credit review cannot be completely formalised and automated the bulk of 
routine computations can still be performed by the computer. The rejections would 
contain the special cases that would be reviewed subjectively later. 

General Form of Business Applications 

The chart of figure below shows the general form of business applications. It 
emphasises that all the outputs are prepared from the inputs (transaction and master 
files). 


1 1 TRANSAhOi^ C-’i 
SOURCE DOClmCMS 
(JNUNf INPur 

l2 0AM SAS£ ADJUZTMPNTS 
adjustment OLO.'M£N 
0NUN£ ADJUSTMCNts 


ji ONciMf (NQU(R(£S 
/ E, OUTPUT OF OTHtP SlO TfMS, 



INPUT 


OfiCtTROT iC 
'^OAIA 
JV?0C£3SIA/G 





A Pfl0u0£b data for 
PPOCfSSiNC 
A?£a/?0S ANO/DP FFiJS. 
API U'-'uATiO 


T- ’..RTS 
Z 0U’,U'\1E'i.T3 


3 OTvlT.E Pt^ONStS 
6 Dl^PLAyS 
CONTROL i/3T/,vS3 

“j INPUT TO C7r£/? 

STSTfMS 


Output 


DATA BAP£ 


Glr^PAi foPM Up Businia^ (ompuifr Applications 

The flowchart in figure 1 to 3 depict a typical sales order processing system 

1,1 Input preparation 

The sales department prepares the sales order in duplicate upon receipt of 
the customer’s purchase order or telephonic information from a salesman or the 
customer after satisfying themselves that the customer’s account is not delinquent. 
One of the outputs of a computer run to be discussed subsequently is the list of 
delinquent accounts which the sales department consults to establish credit worth- 
iness of the customer. One of the copies of the sales order is sent to the customer 
as an acknowledgement of the receipt of his purchase order. The other copy is sent 
to the shipping department as an authorisation to ship the goods to the customer. 
The format of the sale* order should be so designed that it facilitates error-free and 
quick entry of data from the customer’s purchase order as also transcription of data 
from it on to punched cards subsequently. The sales department enters the quantity 
shipped and quantity back ordered against each line on the order, i e., for each stock 
item on order, the price having already been entered by the sales department. The 




shipping department assembles the sales order in daily batches and compiles the 
following batch totals for u on an adding machine, perhaps : record count, financial 
total of the values of items shipped and hash totals of quantities shipped, quantities 
back-ordered, customer’s account numbers and stockitem numbers The batch of the 
sales orders together with the control slip bearing these batch totals is then forward- 
ed to the data processing department for transcription on the punched cards. 

Likewise, the mailroom assembles the daily batch of remittance advices 
received from the customers and compiles the following batch totals for it : record 
count, financial total of the amounts remitted and the hash total of the customer 
account numbers. The batch together with the control slip bearing these totals is 
forwarded to the data preparation section 

We are dealing with only two types of transactions for this application for 
simplification of illustration though in practice there would also be the following 
inputs : 

(i) Addition of new records to the file 

(ii) Credits for sales returns and allowance 
(ill) Account right offs 

(iv) Changes of addresses and other routine adjustment and corrections. 
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'the data preparation section of the data processing department prepares d 
punched card for each item back-ordered, each item shipped and each remittance 
advice on the key punch The deck of punched cards is then given to the verifier 
operator who verifies the cards by re-entering the transaction data via the verifier 
keyboard For economies in verification time it may, however, be desired that just 
the critical data fileds on the punched cards are verified. 

The deck of punched and verified cards is then sorted off-line on a card 
sorter with the customer account number as the key. 

The sorted deck of punched cards constitutes the transaction file which is 
used to update the accounts receivable master file by the account receivables update 
program in computer run. In this run, customer accounts are updated for the 
sales. Typically, the accounts receivable master file contains the following fields ; 

(i) Customer account number (control field). 

(ii) Customer name and address 

(ill) Credit rating. 

(iv) Credit limit. 

(v) Balance due as of last monthly statemet. 

The following particulars of each transaction since then : 

(i) Transaction type code. 

(ii) Documents number. 

(iii) Date. 

(iv) Amount. 

(v) Current balance. 

Incorporated in the programme are also the various control cheks discussed 
in detail in study III which check the picture, limits etc. of the various data fields. 
The ouputs of this run are as follows 

(i) The updated A/c receivable master file 

(ii) Delinquent accounts list which contains the particulars of those 
customers who have crossed cither the credit limit or the credit rating 
assigned to them. 

(in) Invoices in as many copies as desired. It has to be noted that invoice 
would be prepared for only the items shipped. A specimen of the 
invoice is given below 



XVZ Maaufaetaring Company 

15, High Street, Sometown Tx Tel Invoice No 

INVOICE 

Customer Order No. Date Salesman Code Cost Acct No, 


Sold to Ship to 

ABC Mfg. Co. Same 

13. Nehru Road 
Allahabad 

Shipper Date Shipped Invoice Date Terms of Sale 


Item 

Code 

Description 

Qty. 

ordered 

Qty. 

Back- 

Ordered 

Qty. 

shipped 

Unit 

Price 

Total 

Price 









(iv) Daily Shipment and back-orders tape. The punched cards data is put 
on to magnetic tape for a subsequent speedier resorting by stock item 
number as well as speedier pocessmg against inventory file the dis* 
cussion on which would follow. 

(v) Error list and summary information. This contains the rejects i.e., 
those transactions which could not pass the control checks. These are 
ultimately investigated by the user department, rectified and re-sub- 
mitted to the data processing department for re-processing. The 







i6h 


summary iaformation consists of all the batch totals derived by the 
computer. These batch totals are compared with the ones derived 
manually prior to processing and entered into control slips travelling 
with the batches of the transactions. 


The accounts receivable file is also processed every month to produce the 
customer statements and aging schedules a specimen of which is shovin below. 


Statement 

XYZ Manufacturing Company 



15, High Street 
Sometown 

To 

ABC Limited 

13, Nehru Road 
Allahabad 

Date 

Account No 

Date 

Invoice 

Number 

Charges 

Credits 






Previous Balance 





Current Account 





Total Amount 

Past Due Amounts 

Over 30 days 

Over 60 days 

Over 90 days 


1.3. Inventory processing 

The dally shipment and back-orders tape obtained as an output of a run in 
the previous flowchart is used to update the finished goods master file according to 
the concept of integration discussed at the outset of this part. Since however, the 
finished goods master file is sequenced by the product stock number as the key, the 
daily shipment and back-orders tape is also sorted in this order, in the daily 
finished goods update run, sorted daily shipment and back-orders tape constituter 
the transaction file and by updating finished goods master file produces the following 
output : 
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(i) Finished goods master file is updated for the various stock balances in it. 
Back order-sub-records may also be added 

Back-orders and replenishment orders list The items for which the stock 
balance has fallen below the recorder level would find place in the replenishment 
orders list ‘Backorder’ means a consumer’s order for an item against which goods 
cannot be supplied now but would be supplied as and when they are received from 
the works 



(li) Summary information and error list. The summary information consists 
of the vaious batch totals derived by the computer. These will ultimately be compared 
with their counterparts derived manually prior to computer processing. The error 
list would contain erroneous transaction which could not pass the various checks 
built in the computer programme. 

The sorted daily shipment and back orders tape, m consonance with the 
concept of integration, is used in the following flowcbdit for sales analysis runs. 





1.4. Sale analysis runs 

The sales analysis are made by updating the sales summary Master File by the daily shipment and back 
orders tape. The sales summary file consists of the following data fields : — 

' Total Sales This Month Total Sales year to date 
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(a salesman) who IS selling refrigerators to P (caustomer). Likewise, these 12 data fields would be there again for 
Ramu who is selling refrigerators again to Q (another customer), and so on. In other words, for each combination 
of a salesman, a product and a customer this set of 12 data fields would be there. 

To make the layout of the sales summary master file more clear let us take up the simple example of three 
products : Refrigerators, Air Coolers and Exhaust Fans; three customers : P, Q and R and three Salesmen , X, Y and 



■g^ ocdby this product Moc k number .5 the key .s p.etored below : 
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It is assumed, however, that to start with the sales summary master tile is 
sequenced by the product stock number and, therefore, it is straightway upiated in 
run 1 by the daily shipment and back-orders tape. As an output, the sales analysis 
report by product stock number is obtained. 

The sales summary master file is then sorted by the salesman number as the 
key and m run 2 a printout of the sales analysis by salesman is obtained. 

1 he sale summary master file is finally sorted by the customer number as the 
key and in run 3 a printout of the sales analysis by customer is obtained. 
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Fig. 3 

SALES ANALYSIS BY SALESMAN 
Period ending : August’ 79 


Salesman 

Period* 

Sales 

7. 

Change 

Quota 

% Vari- 
ance 
from 
quota 

Actual 

Prior y«Br 

Panikar 

Natrajan - 

This month 
Year to date 

o 

• <7I> 

,5oo 

Rs. 

8,000 

75,000 

-6.25% 

-20% 

8,000 

80,000 

-6.25% 

-25% 


no 


2. Payroll 

The basic purpose of the payroll system is to produce payslips and pay- 
cheques for the employees every month. Towards this purpose, the employees 
payroll file IS run against th;ir attendance cards, both being sequenced by the em- 
ployee number. The attendance sheet of each employee may include the following 
data fields : 


, 7 /M/ (ARDZ 


PAyfWi 

{ T/fAN 5 ACriDM 

t — ■ — I 


TRAM 3 ACriOM 

LISTING 


bDRrro PAviou 

THAN.SACTlON'i lAPE 


f'JCiM 

/'-^FAtPOt I 
JMASTCP 

data 



l\llNf7 


PA/ROl L 

REPOn '5 


OlU LABOW’ 
CISTRiBUTiauf Y, 

I'U 'wL 


Chlqul 
earning stmlment 


LABOUR 

ANALVaiS 


Fig. 4 
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Transaction code 1 Characters 

Employee No. 6 Ch. 

Deptt. No. 2 Ch. 

Job No. 6 Ch. 

No. of days worked 2 Ch 

Special Deductions (Loan, etc.) 6 Ch. 


Since each attendance records carries 6-1-2+6-1-24- 6=22 characters it would 
be desired to put three records m a punched card. 

Besides the attendance records the transaction would also include additions, 
deletions and amendments to the payroll file originating from the payroll section. 
These arc also laid out on the punched cards. 

In run # 1, the payroll transaction punched cards are put on magnetic tape 
for subsequent speedier processing. Also printed out is the transaction listing for 
control and audit purposes. 

In run # 2, the payroll transaction file is sorted by the employee number 
within department number. 

In run # 3, the sorted transaction file is used to update the payroll master 
file on magnetic tape. The latter has the followings typical fields. 

Employee Number 
Employee Name 
Designation 
Department Number 
Job No. 

Marital Status 
Basic Pay 
Type of cost code 

Amount of authorised deductions (several fields) 

Ycar-to date earning total (several fields) 

The type of cost of code m the account number indicates the nature of the 
account to which the employees’ gross pay is chaigcd— direct labour, indirect 
labour, etc. 

Gross and net pay are calulated m this run’ year-to date and period-to date 
data are accumulated and written on the payroll master file, the data necessary 
f. r printing the payslips and the paycheques is put on a magnetic tape constituting 
another output of this run. Also, printed arc the Error List and Summary Informa- 
tion and the payroll register. 

In run # 4, the payroll tape is used to produce payslips and paycheques. 

In Tuh # 5, the payroll tape is sorted by job number, which in run # 6 is 
used to update the labour distribution file with a specimen format given below ; 
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Labour Distribution File on Magnetic Tape 


Job No. 

Trade 

Talue 

Trade 

Value 


Trade 

Trade 


01 


02 



40 


6,Ch 

2 Ch. 

6 Ch. 

2 Ch. 

6 Ch. 


2Ch. 

6Ch. 


The cumulative valued of various trades as at the end of the last month are 
updated to as at the end of this month by means of the payroll tape. 

The labour Analysis is printed for each job as another output of this run. 

In run # 7 (which is undertaken annually), the payroll master file is used to 
produce annual payroll reports. 

Accounts payable Application (Fig. 5) 

1. Th« purchasing department receives the invoices from the vendors. After 
verifying and editing each of these it prepares a disbursement voucher 
for It by assigning the voucher number serially and the vender A/c 
number. A specimen disbursement voucher is shown below : 


ACCOUNTS PAYABLE VOUCHER 

Vendor Name ; Kailash Hardware Stores 

14, Laxman Road, SURAT 

Vendor A/c No. 
1321 

Invoice Date 

16-7-79 

Invoice Number 

2430 

Voucher No. 

Due Date 

General Account 

627 

26-7-79 

13-47-81 


Invoice Amount 

96.8.30 

Approved by 

— 

— 

(Signatures) 

Discount 

1936 

Net Amount 

949.04 

Account No. 

Sub-code 

Amount 

326 

185 

339.84 

326 

114 

101.06 

326 

227 

527.40 





















2. The disbursement vouchers for fhe day are assembled io a batch. 

3. The following batch totals are derived on an adding machine. 

(a) Record Count i.e. the number of disbursement vouchers in the batch. 

(b) Hash totals of the vendor A/c numbers. 

(c) Financial total of the net amount data field. 

4. The batch of the disbursement vouchers headed by the control totals 
slip is forwarded to the computer data processing department. 


5. In the keypunching section, for each disbursement voucher a disburse* 
ment voucher punched card is prepared on the keypunch as also as 
many debit distribution cards as the number of item lines are prepared 
on the keypunch. For visual diiferentiation, the disbursement voucher 
and the debit distribution punched cards are of diflFerent colours. The 
data fields of the two sets of cards given below; 


Disbursement Voucher Cards 
Entry Date 
Invoice Date 
Invoice Number 
Vendor Number 
Vendor Invoice Number 
Gross Amount of Invoice 
Discount, if any 
Net Amount of Invoice 


Debit Distribution Cards 
Entry Date 
Invoice Date 
Invoice Number 
Vendor Number 
Vendor Invoice Number 
Department charged 
Invoice or Item Amount 


The punched cards verified on the card verifier. The 2 decks of the 
two sets of punched and verified cards arc shown in symbol 6. 

7. The disbursement voucher cards are sorted on a card sorter by the 
voucher number as the key. 


8. The sorted deck of disbursement voucher cards. 


9. Editing and Printing Run. Various checks are applied to the disburse- 
ment voucher transactions. Those transactions that fail in these arc 
printed in the error list (10) on which are also printed the batch totals 
as the summary information as derived by the program in this run. The 
daily invoice register in the following format is produced as another 
output. The disbursement Voucher data is pdt into magnetic tape (12) 
for subseauent speedier processing. 



BHARAT STEEL APPLIANCES COMPANY 
Daily iBvoice Register 


ili 


Net Pay- 
able 


Item 

Invoice 

Total 


Quantity 

a 

o 

o 

a 

a 


Due 

Date 


S 

»■ 

d 

Zi 


Deptt. ! 

Cnar- 

ged 


A/c No. 

Gen. Sub 


Entry 

Code 


Our 1 
You- ' 
cher 


Ven- 

dor 

No. 


Vendor 

Invoice 

No. 


In- 

voice 

Date' 

( 


t 

c 

d 

Date 
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lOA. Error List and Summary Information is compared with the batch 
totals derived on an adding machine prior to computer processing. 
Also the erroneous transactions are investigated in the purchasing 
department. These would be resubmitted for processing after 
rectification. 

13. The disbursement voucher tape (12) is sorted by the vendor A/c no. 
m this run and gives the sorted disbursement voucher tape (14) as its 
sole output. 

15. A jc Payable Update Run. The A/c Payable file (16), typically conta- 
ining the following data fields is updated m this run by this disburse- 
ment vouchers tape (15). 

A/c Payable File (16). 

Vendor A/c No. (Control field) 

Vendor name and address 
Vouchers Payables 
Voucher number 
Vendor’s Invoice number 
Date of payment due 
Invoice Amount 
Discount 

Total Amount Payables. 

The program scans each vendor record for those earlier disbursement vou- 
chers for which payment is due today, prints cheques and remmittance statements 
for them, and deletes them from A/c Payable File (16). The new disbursement 
vouchers are added to their respective vendor records. This run yields the following 
outputs : 

A/c Payable File, C/F (17) 

Remmittance Statement & Cheques (18) 

(Specimen format shown below) 

Cash Disbursement register Tape (19). 

20. In this computer run, the cash disbursement register (21) is obtained as 
the output. Its specimen format is also shown below : 
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Route 


BHARAT STEEL APPLIANCES CO. 
Accounts Payable 
Cash Disbursement Register 



Cheque No. 


Vendor 

Vendor 

No. 

Day 

Month 








.A/c Payable 

Credit 

Date 

Discount 

Cash 














22. In this periodic fweek}y, perhaps) run, the A/c payable hie is used to 
produce the Cash Requirements of which the specimen format is shown 
below : 


BHARAT STEEL APPLIANCES CO. 

Accounts Payable 

Cash Requirements Statement 

Route to Mr. Subir Bose, Depth 101 

Date 

Vendor 

Vendor 

Due 

Invoice 

Discount 

Cheque 


No. 

Date 

Amount 


Amount 

Omega General 






Suppliers 

1421 

16/4 

773.30 

15.47 

757.83 

Peco Engg. Co. 

1426 

16/4 

1620.18 

32.42 

1 58^.78 


24. In this run which is had at the end of each accounting period, the 
unpaid records on the A/c Payable file are extracted, sorted and put on 
a tape as the unpaid file (25). 


26. From the unpaid records file (25) the trial balance (27) is derived in 
this run and printed out in the specimen format shown below. 


BHARAT STEEL APPLIANCES CO. 

Trial Balance 

Open Items— Payable 

Closing Date 

Vendor 

Vendor 
A/c No. 

Invoice 

Date 

Due 

Date 

A/c 

Payable 

Dis- 

counts 

Net 

Payables 




t 

Rs. 

Rs. 

Rs. 
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28. At the end of the A/c period all the distribution cards are merged in 
one deck (29). 

30. The distribution cards are sorted by the invoice data within the A/c 
number on a card sorter to obtain the sorted deck of distribution cards 
(31). 

32. In this computer run, the A/c payable Distribution Summary is printed 
under the following format ; 


BHARAT STEEL APPLIANCES CO. 
Accounts Payable Distribution Summary 

Date 






1 


1 


Due 

Qty. 

Inv. 

Gen. 



U 

^ d 

J3 

o 

A/c No. 1 


Date 


Amt. 

Led. 

Entry 

Invoice 

S, « 

c g 

a o 

3 

O O 

> Z 

Gen; 

Sub 

ti 

D. Ol' 





Code 

Date 

> 7. 

> < 




/-V w 

Q ^ 









o 





















35. In this run, the distribution records (34) for the period are sorted by 
vendor A/c no. 

37. The sorted distribution record tape (36) is used in this run to produce 
the various vendor analysis reports (38) of which a specimen format is 
given below. 


BHARAT STEEL APPLIANCES CO. 

Summary of Purchases 

Account Name 

Account 

Sub account 
total 

Gen Account 
total 

Gen. 

Sub. 

Raw Materials 

Brass 

Forgings . 

Castings 

Rolled Stock 

Baked Parts 

Lumber 
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INVENTORY CONTROL 

Example ; Cotnpatiy ‘C’ has mechanised its stocks and inventory system. 
The following are the inputs for a month 

(a) Receipts with rate 

(b) Issues. 

The following reports are to be prepared . — 

(a) Ledger 

{b) Department-wise consumption report 

(c) Excess Stock 


(d) Under Stock 

(e) Slow-moving items. 

if) Items-to be ordered tape. 

Draw a run flowchart and explain the computer processing. 
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Run Flowchart 

This application on hand requires 5 runs. Each run has its own program and is 
performed in a computer setup after loading this program in the computer memory. 
Hie flowchart depicting the inputs to and outputs from the various individual runs 
for an application is known as the run flowchart or the block diagram. The run 
llowchart for the application on hand is shown in fig. 6 The symbols in it are num- 
bered from 1 to 21 to facilitate the following explanation. 

1. The receipt and issue notes are prepared in the stores depatment as 
and when these transactions arise. It is desirable that the format of 
such source documents are so designed that they facilitate transcription 
of data from them into punched cards or other computer media. For 
example the maximum length of each data field in them may be empha- 
sised by putting as many boxes for it If, for example, the quantity 
received can not exceed 5 numerics 5 boxes could be placed and the 
actual quantity received may be entered in these right justified An 
incorrect 6 digit quantity would then have little chance for entry. Also 
the receipt and issue notes may have diffeient coLiurs The notes in a 
pad should be serially numbered to keep track of each of these. 

2. The receipt/issue notes for the day are assembled in batch. 

3. The following control totals lor the batch are derived on an adding 
machine, perhaps : — 

(i) Record Count that is the number of the notes in the batch. 

00 Hash totals of the item numbers, quantities received and issued. 

4. The batch of the receipt/issue notes alongwith the control slip bearing 
the batch totals is transmitted by the stores department to the data 
preparation section. 

5. A card is punched for each transaction. A specimen layout of the 
transaction card is given below. 


ja 

jd 

jd 

1 

X] 

1 f 


U 

U 

u 

u 

' u 


VT 

\o 


VO 






•o 


(It can be seen that one punched card 


o 


a> 

3 


can accommodate 3 receipt/issue tran- 


o 

OJ 




sactions). 


C/) 

a 

d 

’■O 




Ui 

Z 

> 

c 


•o 

c3 

vn 

O 

Ui 

o 


Z 


§ 


9 

o 


a 



Q 

> 

a 

Q 



The punched cards are also verified on the card verifier by an operator 
who is different from the keypunch operator and who uses the same 
source documents (goods receipt notes and issue notes) 

6. The deck bf transaction cards which is used as the input to run 1. 

7. In this run, editing is performed on the transaction cards. A couple of 
the possible checks that can be performed are; 

■ (0 ChMk-digil on the ife* ebde, and ' --i- — - - 

(ii) Transaction coda check, (See Study III for details) 
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Those control totals that were derived manually prior to processing are now 
derived by the program. The Error List and Summary Information (8) lists the erron- 
eous transactions and also the control totals which are checked manually (9) with 
their opposite numbers derived manually (3) prior to processing. If they do not 
tally investigations for the accidental/fraudulently motivated reasons would be under 
taken also, the Error List would be forwarded to the stores department to scrutinise 
the erroneous transactions, rectify and resubmit there for reprocessing, 

10. The transactions are output on a magnetic tape for subsequent speedier 
processing 

11. In this run, the transaction tape (10) is sorted by the item numbers as 
the key to give the sorted transaction tape (12). 

13. In tins run, the sorted transaction tape is used to update the inventory 
master file on magnetic tape the layout of which is given below. 



Items to be ordered tape (17) containing particulars of those items for which 
the stock level has fallen below the reorder. This tape may be used in another 
routine to produce purchase requisitions or orders, but that is beyond the scope of 
this application. 

Printouts of the stock ledger, Excess/Under Report and Slow moving items 
report (16) under the following formats 


STORES LEDGER 

Month Year Part No. 

Description Order Point 

Batch Qty. Min Level 

Max Level 


Date 

Voucher No. 

In 

Out 

Balance 

Qty. 

Qty. 

Value j 

Er.ccss 

Under 


1 

1 

1 





1 

■ ' 


— ■ 1 - . ■ ' .1 » .i... 

(Excess Qty. is stock above the max, level and Under Qty. is the stock Ijclow 
the min. level). 
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Report on slow Moving Items Month. . 

Part No. 

Balance Qty /Value 

No. Movements Since 


6 months 

j 1 year 

i 

2 year 

Qty 

Value 

1 

Qty. 

j Value 

Qty. Value 



1 

i 

1 

i 

1 


18. The transaction tapes for the period are merged, recipts ignored and 
sorted by the department number in run 4 to give the sorted issues 
tape (19). 

20. In this run the sorted issue tape (19) is used to produce the printout of 
the departmental consumption report (21) the forma of which is 
given below. 


Department-wise Consumption Report 


Deptt. No. 


Month 


Part No. 


Qty. 


Consumption 


Value 
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Purchase Application 

(The flowchart of fig. below may be taken in continuation to the one of 
fig. 6, p 120). 

23 In this run, the open purchase order file (22) is sorted by the vendor 
A/c number. 

27. In this run, the items to be ordered tape is also sorted by the vendor 
A/c number. 
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29. The open^purchase order file (24), the items to be ordered tape (28) and 
the>endor history fils (25) constitute the inputs to this run. The purchase orders (31) 
are prepared in this run, the particulars of the items to be ordered tape and the 
particulars of the vendor favoured with the order are got from the vendor history 
file. Also printed out is the cash flow commitment statement. The open purchase 
order file (24) is updated i e. new purchased orders are entered for the various vendor 
favoured with the orders. 

33. In this run the inventory receipts tape (12) of fig. 6 is sorted by vendor 
A/c. No. 

35. In this run, the inventory receipts tape (34) used to update the open 
purchase order file (32) i e, the receipts to date are accumulated and the fulfilled 
orders deleted. Also printed out is the overdue deliveries report (38) and the vendor 
performance data tape (37) is produced. 

40. In this run, the vendor performance history file (31) (containing price 
index, delivery index, quality index, 'etc.) is updated and the vendor performance 
report (42) compiled. 

Element of FORTRAN & COBOL 

FORTRAN (FORraula TRAN slation) was originally developed for solving 
problems of engineers/scientist/mathematicians but it is in fairly wide use in business 
situations, particularly for applications leaning heavily on methematical models 
and/or statistical analyses. FORTRAN has the following major 4 types of 
statements : 


1. Arithmetic Statements iox idAitioa, subtraction, multiplication, 'division 
and exponentiation (raising powers). These are denoted by +, — , *, and ** 
respectively. These statements can operate on integer constants (e g. 17), real cons- 
tants (with decimal point, eg 41.04) and both real or integral variables. Real 
variable (say, WAGE) would assume values in decimal and integer variable would 
assume only integral values. As per rules of the language integral variables must be 
symbolised starting wiih any of the letters I to N. For example, marks of students 
may be symbolised by MARKS but not SCORE since the latter start with S which 
IS beyond I to N ; it is, however, being assumed that marks are awarded only m 
integral values. The general form of the arithmetic statement is 

/= r 

by which the value of the expression on R. H. S. is assigned to the variable on the 
L. H. S. Therefore, often the arithmetic statements are also called assignment state- 
ments in f OTRAN. 



Examples; J= 105/7 (} assumes value of 21 

Mole that P‘*=21 is<wrong 
Why 7) 

S=A*B 

S=A+C 

S=A**3 (R.H.S.isA«) 

X=Y-Z • A/B * *2+C 
[is executed ]]ke mathematical equation 

X=Y--^+c] 

X = (Y+Z)* (A/B) * * 2-P 
[is executed like mathematical equation 

X = (Y+Z) (A/B)*-P]. 

For such mathematical operations as taking square root or finding log or finding the 
cosine there is standard vocabulary : SQRT, ALOG, COS respectively. 

2. fnputjOutput Statements art two m numheT : Rl AD and WRITE. The 
former is used for reading a block from a peripheral into the CPU and the latter for 
transferring a block from the CPU onto an output media. 

The READ Statement. Its general format is : 

READ (a, b) list. 

a stands for the number assigned to the input peripheral, b stands for the FORMAT 
statements number somewhere m the program. FORMAT statement would be 
explained later. 

Example. READ (5, 11) P, Q, R which means, 

"Read the values for the variables, P, Q and R via the Card reader (its assigned no. 
being 5) from a punched card. The format of these variables is to be had form 
statement number, 11. 

The WRITE Statement has the similar format : 

WRITE (o. b) list 

Example. WRITE (8, 3) X, Y, Z which means, 

"Print the current value of variables X, Y and Z on printer no. 8 using the format 
statement 3. 

3. Specification Statements specify the format of the data to be read/written. 
They dififer from one type of variable to another (real and integer), the number of 
data fields to be read/writtcn, etc. We shall give a little program to clarify the use 
of the 3 major types of FORTRAN statements discussed thus far. We shall discuss 
only the FORMAT specification statement although there exist another DIMEN- 
SION statement that it uses for reading an array or matrix (with rows and columns) 
or cube (consisting of rows, columns and levels). 



Ml 

Program : Read two real variables’ values from a punched card, add them 
and print the result. 

READ (5, 20) R, S Input Statement 

20 FORMAT (2F 7.2) Statement 

+ S Arithmetic statemert 

WRITE (6, 20) Q Output Statement 

STOP Control Statement 

end Control Statement 

Let us explain each statement in turn. 

READ (5. 20) R, S 

“Read the values of two varibles R and S from peripheral 5 (which could be a card 
reader so that R and S read from a punched card) as per the format statement 
number 20. This number 20 is assigned arbitrarily to tie FORMAT statement 
which may or may not follow or precede immediately by its READ Statement. 

20 FORMAT (2 F 7 2) 

Format statement must be numbered as 20, hire, 2F means that 2 real variables are 
involved. The use of F is mandatory for real vanablei (i.e. non-integral variables) m 
the FORMAT statement, 7 2 means that the value of each of the two variables 
occupies 7 positions with 2 places after the decimal point, 

Q=»R+S 

It is an arithmetic statement. The sum of values of R and S is assigned to Q. 

WRITE (6, 20)Q 

6 in the parenthesis stands for the printer which has been assigned this number. 20 
refers to the FORMAT statement above i. c printing is to be done exactly in the 
format of reading in this case. 

STOP 

It IS a control statement which stops the execution of the program (by the object 
program). 

END 

It is intended for the compiler only to finish translating from FORTRAN into the 
machine language. 

4. Control statements. A couple of these have been used above. Another 
“jump” statements is discussed below. 

Ihe Go To statement 
Example. Go to 45 

It means go to statement 45 which may be above or below it in sequence by 
skipping intervening statements. 

COBOL (Comman Business Oriented Language). It is a language for busi- 
ness applications since it uses plain English like statements so easily comprehensible 
III business circles and it is particularly developed to input, process and output in- 
heiently voluminous alphanumeric data in the business context. Its program are 
Structured in the following four divisions. 



t. IDENTIFICATION DIVISION 

II. ENVIRONMENT DIVISION 

III. DATA DIVISION 

IV. PROCEDURE DIVISION 

I. IDENTIFICATION DIVISION contains the program name and num 
programmer’s name, application to which the program pertains and the date 
program was written However writing the program name alone is mandatory 

II. ENVIRONMENT DIVISION usually contains the following two sectr 
(a) CONFIGURATION SECTION (b) INPUT-OUTPUT SECTION. 

(a) CONFIGURATION SECTION usually contains the name of the c< 
puter on which the source program is to be complied and the computer that 
execute the program. Flowever, it is usually the same computer that does compilal 
and then execution. 

(h) INPUT-OUTPUT SECTION usually includes a FILE CONTROL p, 
graph which assigns (programmer’s supplied symbolic) names to both the input 
output files. This paragraph contains the following reserved (COBOL Vocabul, 
words : 

SELECT the particular file. 

ASSIGN to the wanted input or output peripheral (number). 

III. DATA DIVISION has usually two sections : (a) FILE SECTION 
(A) WORKING SECTION. 

(a) FILE SECTION. For each file m the ENVIRONMENT DIVIS] 
above the following details have to be defined by the programmer i.e. symbolic na 
have to be supplied by the programmer : (i) file name, (ii) record name and, 
layout of the records (iv) location of buffer storage for input and output. 

Layout of the record contains for each data files its name location, size 
format. Towards this, X stands for alphanumeric characters and 9 stands for 
numeric characters. For example, 

NAME X (25) may designate Employee’s name data field that is 25 alphamir 

(alphabetic m the case, to be more precise), and 

EMPNO 9 (5) may designate 5 numerics long employee’s number. 

[b) WORKING STORAGE SECTION. In it, the programmer supplies 
symbolic names for the working locations he puts to use, viz COUNTER, TOTA 

IV. PROCEDURE DIVISION contains the step-by-step procedure thal 
computer must follow to produce the designed output. Reserved words are isei 
specific operations on symbolic names supplied by the programmer in the D 
DIVISION. 

Example. Let us take up a very simple program that prints out a slue 
name and address given below. 

SUBIR BOSE 
41 HIGH STREET 
CALCUTTA-99 

The program is given on the next page and is neatly self-explanatory, particula 
the light of discussion above. 



oooolo identification division. 

000020 PROGRAM-ID. PROGOl. 

000030 

000040 *THIS PROGRAM PRINTS THE STUDENTS NAME AND 
000050 ♦ADDRESS ON THREE LINES. 

000060 • ♦ ♦ * 

000070 

000080 ENVIRONMENT DIVISION. 

000090 CONFIGURATION SECTION. 

000100 SOURCE-COMPUTER. IBM-370 
000110 OBJECT-COMPUTER. IBM-370 
000120 INPUT-OUTPUT SECTION. 

000130 FILE-CONTROL. 

000140 SELECT STUDENT ADDRESS ASSIGN TO UT-S-SYPRINT. 

000150 

000160 • • * • 

000170 

000180 DATA DIVISION 
000190 FILE SECTION. 

000200 FD STUDENT-ADDRESS 

000210 LABLE RECORDS ARE OMITTED. 

000220 01 ALINE PICTURE X(40). 

000230 

000240 • • • • 

000250 

000260 PROCEDURE DIVISION. 

000270 OPEN OUTPUT STUDENT-ADDRSS. 

000280 MOVE ‘SUBIR BOSE' TO ALINE. 

000290 WRITE ALINE AFTER ADVANCING 2 LINES. 

000300 MOVE ‘41 HIGH STREET' TO ALINE. 

000310 WRITE ALINE AFTER ADVANCING 1 LINES. 

000320 MOVE 'CALCUTTA-99’ TO ALINE. 

000330 WRITE ALINE AFTER ADVANCING 1 LINES. 

000340 CLOSE STUDENT ADRESS. 

000350 STOP RUN. 

e, 

♦in position 7 makes the following statement a mere descriptive material 
be printed in the output of compilation run. 
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Type of COBOL Statemeots : These are four in number as discussed below 
•nefly. The reserved words for commands are also given. 

1. Input Output. OPEN, CLOSE, READ, WRITE. 

<n iHput/output file has to be OPENed before any processing can be performed on 
ts records. In our sample program there is a single record file that is OPENed in 
tatcment no, 000270 (Please note that gaps in stafement number are deliberate to 
lermit insertion of more statement (s) upon afterthrough on the part of the program- 
ner. The statement takes form of 

OPEN f INPUT 1 

I OUTPUT I file name, file name 

L I-O J 

. c. more than one file can be OPENED in a statement. Statement 000270 being 
OPEN OUTPUT STUDENT-ADDRESS. 

V file that IS OPENed must be CLOSEd and that is examplified by statement no. 
100340 and it takes the general form CLOSE file name .. 

READ statement takes the general form of 
READ file name 
READ file name RECORD 

!.g. if stock control file is named STOCKF these two statements would be as below 
READ STOCKF 
READ STOCKF RECORD 
^RITE statement takes the general from 
WRITE record name. 

it is exemplified by statement nos. 000290,310,330, in the sample program. 

The Statement WRITE ALINE AFTER ADVANCING 2 LINES will ensure 
louble spacing before ALINE is written. 

2. MOVE Statements move data from one storage area to another. State- 
ment no, 000320 provides an example. It can also be used to clear a location, viz 
MOVE ZEROES TO COUNTER. 

3. Arithmetic Statements. 

COMPUTE Statements are used to perform arithmetic operations that are expressed 
in the form of mathematical formula. The operation symbols used are given heic 

under : 

-f plus 

— minus 

• multiply 

/ divide 

** exponentiate 



Example 1 COMPUTE X-(Y/Z)+P* • 3 

2. COMPUTE TOPAY=NETPAY+ ALLOWANCE 

ADD. SUBTRACT, MULTIPLY, DIVIDE cominaiids are explained by means of the 
following examples 


COBOL form 

Arithmetic euqivalent 

ADD A. B TO C 

C=A+B-fC 

ADDA, B GIVING C 

C=A+B 

SUBTRACT A FROM B 

CO 

II 

so 

1 

> 

SUBTRACT A FROM B GIVING C 

C=B-A 

MULTIPLY A BY B 

B®AxB 

MULTIPLY A BY B GIVING C 

C=AxB 

DIVIDE A INTO B 

B=B-A 

DIVIDE A INTO B GIVING C 

C=B-A 


A more practical example of an arthmctic statement follows : 

MULTIPLY WGRATE BY HOURS GIVING TOWAGE (multiply wage 
rate by bourse giving total wage). 

4. Control Statements. 

IF Statement is conditional i. c, if the specified condition is met the program 
performs the requisite task otherwise it continues sequentially with the following 
instructions. 

Example. IF MARKS IS LESS THAN O GO TO ERROR ROUTINE, 

STOP Statement. If used literally as below 
‘STOP’ 

it causes a temporary halt ‘STOP’ printed on the console stitionery, upon restart 
by the programmar the program will pick up from the next statement in sequence. 

STOP RUN 

As such the program will terminate permanently. 
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APPENDIX I 


Sorting a Magnetic Tape file online 

Unlike punched cards (which are sorted offline on a card sorter) the magne- 
tic tape files are sorted online in connection with the CPU. Sorting, basically, in- 
volves enormous number of the comparisons within the CPU and this master is 
discussed in Part I. In this section, we shall assume that sorting in the CPU can be 
earned out. Because of a large number of comparisons involved sorting consumes a 
significant data processing time and it is therefore recommended by many experts 
that sorting is best avoided. But it cannot be obviated in magnetic tape installations 
where it may take as much as 30 to 50 per cent of the total data processing time on 
the computer. Transaction file would invariably be sorted in these installations by the 
key by which the master files to be up-dated by them are arranged. If there are sever- 
al files to be up-dated the transaction file would have to be sorted over and again by 
the key of each of these. For example, the transactions on customer orders may 
first be sequenced by the customer account number as the key to up-date the 
account receivable master file, resorted to up date the inventory master file and 
finally resorted again to up-date the sales summary master file. One should always 
be alert to reduce sorting time which can be done if the transactions are pre-sorted 
manually to some extent. The clerical routines should therefore be so designed that 
they encourage pre-sorting of the transaction. Below we give a very simple example 
on the classical “two-way merge sort” technique. 

There arc two steps in sorting the magnetic tape : 

(i) Establishing the initial sorting strings. 

(ii) Merging these strings into a single sequenced string 

To explain these two steps let us consider a file holding 16 records with the 
following keys : 

10, 1, 27. 15, 14, 20, 16. 19, 28, 21,22, 3, 4. 13, 11, 5 ; 



Step 1, EstaUishiag the initial sorting strings. 
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Step'2. Merging of these strings into a single sequenced string 
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put alternately on tapes #■ 2 and'^ 3 as below : 
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Step'2. Merging of tl 
Tapes # 2 and 3 # a 
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Flowcharts can be divided into 4 categories as below and as such they m, 
be JiJcened to the geographical maps with regard to the extent of detail : 

1. Program flowcharts ) 

2. Run flowcharts / 

3. System flowcharts 

4. System outline Charts 

Fart I. Program Flowcharts (Combination C students may leave Part I) 

The program flowcharts are the most detailed and arc concerned with the 
logical/arithmetic operations on data within the CPU and the flow of data between 
the CPU on the one hand and the input/output peripherals on the other. 


(District map 
(State map 
(National raap^ 
(Global map) 


Program flowcharting, to some extent, is a function of the language in which 
the program will be ultimately coded i c. it will vary to some extent from one 
language to another Therefore, it also depends upon the instruction repertoire or 
mix of the computer on hand Nevertheless the variations are minor The following 
hypothetical instruction mix (say, for computer X) will be utilised throughout as a 
basis for drawing the flowcharts 


Logical/ Arithmetic Operations 

1. Addition 

(i) Add the contents of two locations, say A and B, and put the results in 
either A or B, or any other location An example follows . 

means ‘add the contents of two locations A and B and put the 
results in location C. However, this interpretation is assembly 
language oriented The compler language orientation would be 
“C becomes the sum of A and B”. In this interpretation by *=’ is 
meant ‘becomes’ and not “equal to” Also m this interpreta- 
tion C, A and B are treated as if they arc variables. Most 
flowcharting in this study note is compiler language oriented. 
However, we shall use assembly language interpretations at places 
though rather sparingly. 

A becomes the sum of the previous value of A and the value of B. 


B becomes the sum of the value of A and the previous value of B. 


(li) Add a constant to the contents of a location or the value of a variable. 
C becomes the value of A plus 13. 

A becomes the previous value of A plus 13. 


C^A-I B 
or 

C=B 1-A 


A= A-|-P 
or 

A=B-i- A 

B==A+B 

or 

b=b+a 
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Subtraction 

The student can interpret these on the lines of interpretations of the addfti'o/i 
[operations above. 

fB = A-B 
C=B— A 
A=A-B 
A = B-A 
B=A-14 
A=A-14 


3 . Multiplication 

The multiplication is best represented by asterisk in flowcharting so that it 
does not confuse with the widely used letter, X. The student can interpret the follow- 
ing operations himself. 

C=A*B 
C=B*A 
A=A*B 
A=B*A 
A = A*7 
B=A*7 


4. Division 

Two types of division can be carried out. Suppose, for example, that we divide 
7 by 4. In one type, we get 1'75. In the other type we just get the quotient 1 and the 
remainder 3 is consigned to a location reserved for remainder by the computer manu- 
facturer, say, REM. We shall use the same format for the two types as below 


Type 1 

Results m the 
location on L.H.S 


C=A1B 

c==.b/a 

\=AIB 

A=B/A 

A=A/131 

A/131 


Type 2 

Only the quotient in the location on the L H S. The 
remainder is consigned to standard location symbo- 
lised by REM. 

Remainder in 


C=A/B REM 

C=B/A REM 

A = A/B REM 

A=B/A REM 

A-A/131 REM 

B=A/13I REM 


5. Transfer ' 

Transfer the contents of one location into another location. In other words, 
the variable on the L.H S. becomes (or assumes) the value of the variable on the 
R.H.S. Examples follows : 
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If B were 13 and A were 7 or whatever, A would now become 13. 

The value of B remains 13 with this operation. 

A, whatever its previous value, becomes 17. 

6. Partial Transfer 

It IS possible with this type to transfer only some digits, (and not all for 
which operation type 5 above exists), from one location into another location. For a 

example, if we want to transfer the middle two digits, 76 of location B below into 
A we can do so, anywhere in A 


A=B 
A = 17 




A 
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0 


+ 


We would not give the format of this type We can state this in the flowchart 
in plain English ‘Transfer the contents of B (2iid and 3rd digit) into A in its 1st and 
2nd cell”. 

All these operations 1 to 6 above, are depicted m the flowchart in a box For 
example, A = A— 14 would be depicted as below 


A = A-14 


It may also be desired to designate a location or a variable by a suggestive 
symbol. Thus the step below means that we want to increment “COUNT” by 1, 

COUNT becomes the pre- 
vious value of COUNT 
plus 1. 


Desirably the length of symbols should not exceed six characters. Also they 
must start with an alphabet letter and never with a numeric or a special character. 
However, the following five characters could be of any kind. These symbols are 
devised by the person who draws the flowchart. Alphabets must be in capitals. 

7. Comparison 

In It, the values of two variables (i e. contents of two locations) are compared 
and one action is taken if the answer to the comparison is “yes” and another action 
if the answer is “no”. A comparison is always shown m a diamond as below in which 
ROL (the symbol for reorder for level) is compared with PHY (the symbol for the 


COUNT=COUNT+l 
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physical balance). If ROL is greater than PHY we would place the replenishment 
order, otherwise not. 


I 



The following types ol comparisons are possible m most instruction repertoires. 


A>B 

A<B 

A=B 

A#B 


Constant on RHS 

A>13 (Instead of constants 
A < 1 3 alphabetic character(s) 
A = 1 3 or special symboKs) can 
A 9^1 3 be had on R.H.S. 


8 . Print 

The following types of print operation formats are available. 

(i) Print (Material) at position 
e.g , Print “RAMU, 28” at 005 

We want to print RAMU, 28 which constitutes the material. The continuous 
stationery usually can accomodate 160 characters. Thus, there are 160 print positions 
from 001 to 160 In the example above, we want to start printing at position 005 

(li) Print (Location or Variable) at position e.g., Print A at 010, with 
which we want to print the value of the vanable (or the contents of location) A start- 
ing at position 010 

9. Feed 

This means raising the continuous stationery by 1 or more lines for printing 
the next line. The format is as in the examples below 

1 line C.S. feed 
3 lines C.S. feed 

A 

We shall write other input/output instructions (viz. read a punched card) in plain 
English with some exceptions to be explained where the use is made. 
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Numerous examples on flowcharting follow The student should, however, familiarise 

2’i 7 

himself with example on - ■ g- m Study I at this stage before proceeding wiih the 
following material 


Example 1 Draw the program flowchart for finding the sum of first 100 
odd numbers 

Solution The flowchart IS drawn as figure land is explained step by step 
below The step numbers are shown in the flowchart in circles and as such are not a 
part of the flowchart but only a referencing device 




:i 


CLEAR ^^0RKItJ6\ 

locations 


.rr 

1 SET 
I A^l 

\8=BfA 

L. 




A =/ l +2 


YfS 


PRINT 

S 


(£ND^ 


© 

© 


Fig, 1 

Our purpose is to find the sum of the senes 1, 3, 5, 7, 9 (100 terms). 

The student can verify that the 100th term would be 199. We propose to set A=1 
and then go in incrementing it by 2 so that it holds the various terms of the series m 
turn. B IS an accumulator in the sense that A is added to B whenever A is increment- 
ed. Thus B will hold 

1 

l-|-3=4 

4-1-5-9 

9-f7B>l6, etc., in turn. 





7 


Step I All working locations are set at zero. This is necessary because if 
they are holding some data off the previous program that data is liable to corrupt 
the results of the flowchart. 

Step 2 A IS set at 1 so that subsequently by incrementing it suc^'essively by 2 
we get the wanted odd terms 1, 3, 5, 7, etc 

Step 3 A IS poured into B i e. added to B B being 0 at the moment and 
A being 1, B becomes 0 11 = 1 

Step 4 In step 5 we shall increment A by 2 So that although at the moment 
A IS 1, It will be made 3 in step 5, and so on Since we have to stop at the 100th 
term which is 199 step 4 poses a question. “Has A become 199 if not go back to 
step 3 by forming a loop Thus A is repeatedly incremented in step 5 and added to 
B in Step 3 In other words, B holds the cumulative sum upto the latest term held 
in A. 

When A has become 199 that means the necessary computations have 
been carried out so that in step 6 the result is printed 

Perhaps more suggestive symbols for A and B could be ODD and SUM 
lespcctively. 

nExample 2. Draw the flowchart for finding the value of j JS where K repre- 
sents a integer whose value will be read into the computer each time the program 
is run 



Fig. 2 
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The flowchart is drawn as figure 2 above. It may be recalled that we drew 
a flowchart for computing factorial of 7 but here we intend to generalise for any 
value designated by K Thus the number for which the factorial is needed is read 

into the CPU (via, say, a punched card) and this number is held in a location which 

IS also designated as K Thus K may be given any integral value, viz 7, 17, 20 etc. 
This IS done in step 1 

Step 2 A and B are both equated to K. In the following steps we shall 
repeatedly decrement B by 1 and go on multiplying it with A successively so that A 
holds K(K — 1), K( -1) (K — 2) etc in turn and B becomes K, (K— 1), (K— 2), etc. in 
turn 

Step 3 As already stated above B is brought down from K to K— 1. 

Step 4 A becomes the product of A and B i e , K(K -1). 

Step 5 IS a comparison step for looping. Obviously the factorial would have 
been computed when B, after having been successively decremented by 1, becomes 1 
But since at the moment B has conic down to K — I and not I by looping we go back 
to step 2 by which B becomes (K. — 2) and A, in step 3, becomes K(K— 1) (K— 2) ; 
so on until A holds I which is printed m step 6 

Example 3 Draw the flowchart for finding the value of where K and 
N are read into the computer each time the program is run, N has to be an 
integer. 



Fig. 3 
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Figure 3 

Step 0. We zeroise all working locations. 

Step 1. Values of K and N are read, say, via a punched card. 

Step 2 A IS equated to K. We shall subsequently go on multiplping A by 
K successively via a loop so that A is made A*, A®, etc in turn. 

Step 3. A becomes AK i e. A^ since K is equal to A. 

I Step 4. We have to carry out the multiplication of A by K (N— 1) times 

to get the value K.^. In this step, therefore, we decrease N by 1. Via the loop we shall 
continue to decrement it by 1 until it is brought down to 1. 

Step 5. This IS a comparison step where it is decided whether to continue 
with the loop or not When N comes down to 1 (in Step 4) A, which, becomes K**, is 
printed in step 6. 

Example 4 Draw the flowchart which will calculate the sum of the first N 
multiples of an integer K. (For example, if K=3 and N= 10), then calculate the sum 
of(lx3 + 2x3+ +10x3) Make the flowchart completely general by reading 

an integer value for N and K each time this program is run. 

Figure 4 

Step 0. The working locations A, B and C are cleared i.e. zeroised to erase 
data sticking m from the previous program, if any. 

Step 1. Parameters of the problem, K and N are read in via, say, a 
punched card. 

Step 2. It is the intention to hold 1, 2, 3 etc., in turn, in A , therefore, 
A IS incremented by 1 . 

Step 3. In B is held the first term of the given series which is A multiplied 
by K i.e. 1 x K to start with. 

Step 4. It IS the intention to add the terms of the given series one by one in 
C ; therefore, the first term, to start with, is accumalatcd m C. 

Step 5. When A becomes equal to N we would print K, N, C as per step 6 ; 
but, at the moment we form a loop back to step 2 so that A is made 1 + 1=2 to 
prepare the 2nd term in the following steps. 

Example 5. There are three quantities : Qi, and Qs It is desired to 
obtain the highest of these in location H and lowest of these in location L. 

Figure 5 

Step 1. The three quantities, Qi, Qj and Qa are read in via, say, a punched 

card. 
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Step 2 Any two quantities, say, Q, and are compared. If Qi is greater 
than Qj we tentatively make H=Qi and L=Qj jn Steps 3B and 4B ; otherwise, in 
Steps 3A and 4A we make H = Qj and L=Qi 

At Step 5 we are holding the higher of Qi and Qa m H and the lower of these 
in L, In Step 5 we see if Qi is greater than the higher of Qi and Qa in H. If it is 
obviously in Step 8 H is made If Q, is not greater than H we compare Qa with 
L in Step 6 

In Step 6, if Q3 <L we go to Step 7 and make L==Q3, otherwise, the job has 
already been done prior to Step 5. 
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Example 6. The square root of a number can be computed by an itera* 
tivc procedure. The following computational steps are performed 

1. Select a first guess for the desired square root A reasonable value for 
the first guess might be obtained by dividing the given number by 2 

2. Divide the given number by the assumed square root. 

3. If the quotient and divisor are sufficiently close, then the desired square 
root has been obtained to a sufficient degree o( accuracy and the computation ceases. 

4 If the quotient and the divisor do not agree, then a new guess must be 
obtained for the square root and the procedure repeated. The new guess is obtained 
by calculating the arithmetic average of the most recent divisor and quotient The 
computation then returns to step 2. 

Say, N=the given number whose square root is desired. 

D=the divisor. 

Q==ihe quotient 
R=the desired square root. 



Fig. 6 
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[Let us now apply this method to a problem namely, computing the square 
root of 8 The computation will proceed in the following steps. 


(a) 

Di = 4(8) = 4 

9 

li 

00 

1 

.u 

II 

(b) 

D,= I(4+2)=3 

Q, =8-3=2 6666 

(c) 

D,= i(3-l-2 6666) = 2 83333 

Qs=8-2 83333=2 82353 

(d) 

D4=K2 83333 f 2 82353)= 

Q4=8-2 82843=2-82842] 


2 82843 


The (rather condensed) flowchart is given above in fig. 6. i 

Step I. N, the number for which the square root is wanted. 

Step 2 D IS made half of N as the initial estimate of square root of N(=8 
may be imagined) 

Step 3. Nv = 8) IS divided by the estimate D to get Q 

Step 4 If D IS approximately equal Q we have computed the square root 

N N 8 

which, however, is not the case as yet (since D= y =4 and Q=^ ~ "4 =2 and 
D:?^:Q) , therefore, go to steps 5 and 6 In these two steps we find the average of D 
and Q and put it m D This average j is taken in D as the new esti- 

mate of the square root and we loop back to step 3 

*In fact, there does not exist any instruction in any computer by which we 
can compare if two quantities are roughly equal. What, therefore, would actually 
be done is to find the difference between D and Q and if it is ^ prescribed difference, 
say, 0 001 we accept them as equal. 

Example 7 Draw the flowchart for deriving the sum of the squares of first 
20 odd numbers 

The flowchart is shown in fig. 7 

Sttp 0 All working lecations are zeroised. 

Step 1. In step 2 we employ the square subroutine (which is the set of steps 
enclosed in the dotted box in figure 3 for computing K«.) ; therefore, we set N=2 for 
ever in this program and K= 1. 

Step 2. 1 e. 1* is computed by the aforesaid subroutive (S.R.). A S.R. 

is always depicted in the hexagonal symbol m program flowcharting 

Step 3. We accumulate the first term i.e. square of the first odd number, 1 
in location C. 
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Fig 7 


Step 4 The 20th odd number is 39 , therefore, in this step we see if A has 
become 39 from 1 (by step 5). 

Step 5 K IS incremented by 2 1 c it becomes 1 -| 2 = 3. 

Example 8. The sine of X can be approximately calculated by summing 
up the first 1 00 terms of the infinite series 


Sin X— X I 3 ^ 


Draw the program flow chart in which the value of X in radians will be read in and 
then the sine is computed 


Figure S 


Step 0. Clear all working locations 

Step 1. The value of X in radians is read in via, say, a punched card. 

Step 2, In step 4 , we shall use the power S.R. for computing K'*. In this 
step 2, we set A=1 and in step 3, we set K=X and N=A (i e. = l). 
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Step 4. (=XA) IS computed by the S.R. (A having been at present set at 

1 in step 2). 

Step 5 In step 6 we shall compute the factorial of A (which is 1 at the 
moment) Since in fig. 2 we used the symbol K we set K=A in the S R of step 6, A 
being 1 at the moment 

Step 6. |A le. IJL IS computed. It constitutes the denominator of the 
XI 

first term, |-j , | 

Step 7. We divide XX (i.*. X*) by | A (i.e. | and put it in location TERM. 

Step 8 We count the number of terms in location COUNT which becomes 
1 by incrementing it by 1 

Step 9 We see if COUNT is odd or even. In the given series (on R.H S.) 

It is to be seen that odd terms are preceeded by plus sign and even terms by minus 
sign. 

Step 10 A and 10 B. If count is odd we accumulate it in location SINX 
otherwise we subtract It from SI NX Thus SINX holds the sum of the R H S. upto 
1st, 2nd, 3rd , etc. term m turn 



Fig. 8 
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Step 11. It IS ascertained if the 100 terms have been processed. If so we 
end, otherwise, in step 12 we increment A by 2 (e g it becomes 3 from 1) and loop 

X3 

back to step 3 to process for the 2nd term, “i-y • 


Example 9. Draw the program flowchart for computing the annual acqui- 
sition, inventory-carrying and total costs for lot sizes of 100, 200 2400 The various 
vanables of interest are supposed to be there in the locations symbolized below. 

REQ Annual requirements of the item 

ACQ Procurement cost/order 

COST Cost per unit 

RATE Inventory-carrying rate, I 


The flowchart is drawn in figure 9. The following symbols represent the 
working locations put to use by this flowchart. 

LOTSIZ Lot size 

IVCOST Annual inventory-carrying cost 

AQCOST Annual acquisition cost 

TOCOST Annual total cost 



Fig. 9 
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Example 10. Draw the flowchart for finding the amount of an annuity of 
of Rs. A in N years. Rate of intercst=r%. R=(l+r). This amount is given by the 
following senes A+AR+AR‘*+ AR** 

The flowchart is drawn in figure 10 The following symbols are employed. 

TERM To hold A, AR*. etc. (i.e. the various terms) m turn. 

SUM In It IS accumulated the sum of terms. 

COUNT Counter to count the number of terms accumulated. 



Fig. 10 
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Example 11. (On Computing Customs Duties) Assume that imported 
goods from foreign countries are classified into 4 categories for the purpose of levying 
customs duty. The duty rate for each category is as follows 


Class No. 

1 

2 

3 

4 


Class of Goods 

Foods, beverages 
Clothing, footware 
Heavy machinery 
Luxury items 


Customs duty (%) K, on 
Values of Goods V 

10 

15 

171 

40 


Draw the flowchart for computing the appropriate customs duty 



Example 12 The problem is to compute, for a series of transactions, the 
gross sales (G) ; the quantity discounts, (D), if any ; and the net sales (H). The raw 
data to be supplied in the program includes the quantity sold (Q) and unit price (P). 
The quantity discount schedule is as follows : 


If quantity sold is 

The discount rate would be 

less then lOO units 

none 

100 to less than 200 

10% 

200 and over 

20% 
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Fig 12 


Example 13. Given the following set of data • 


Account No 

Age of Customer 

Sex 

Unpaid Balance 

13466 

28 

M 

Rs 145 23 

43156 

20 

F 

49 '50 

33215 

45 

F 

89 24 

44178 

19 

M 

115 23 

56723 

28 

F 

75-95 

47892 

33 

F 

25 78 

24567 

19 

M 

54 75 

56783 

55 

M 

24 78 

43579 

39 

F 

67 85 

56782 

30 

M 

150 97 

79234 

18 

F 

39 95 

65423 

29 

F 

69-95 

Draw a flowchart to compute and print out the following : 


Average 


Unpaid Balance 

Customer Age 


Males 

Females 

Under 20 


Rs. X X X . X X 

Rs. X X x.x 

20 To Under 30 


XXX 

XXX 

30 To Under 40 


XXX 

XXX 

40 and Over 


XXX 

XXX 



19 


The program flowchart is givea below M I to M4 accumulate balances for 
the 4 age groups of male customers and likewise FI to F4 for the female customers. 
Age IS symbolised by A, balance by B and Sex is codified as M or F The last 
record is a dummy 


r 



Example 14. 

computing and printing 


Using the data of the previous example, draw a flowchart for 
out the following statistics 


Sex 

Male 
\ Female 
Overall 


Average Unpaid Balance 

Rs. XXX XX 
X X X. X X 
X X X X X 


The program flowchart is shown below. The following Symbols are used. 

MANO Counter for males 

FENO ' Counter for females 

MABAL Sum of male balances 

FEBAL Sum of female balances 
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Example 15 Flowciiart for Binary Search (Ref Magnetic Disc, Study I) 



Fig 15 


R = Desired Record 
RE= Record at the end of file 
RM— Record in middle of file 
RS= Record at start of file 
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Modification/Initialisation Instructions 

These instructions can change the value of a variable location number in an 
existing instruction during the program execution process The initialisation instruction 
can set or reset the value of this variable to any desired number The modification 
instruction can increment/decrement this variable during the loop execution by any 
constant (viz 1, 2, 13,). 

Example 16 Marks of each student (m a class) in 12 papers are encoded 
on a punched card which arc read (one card by one) into the CPU locations MARKS 
001 to MARKS 012. You are required to draw the flowchart for computing and 
printing the average marks of each student 

Solution MARKS 001, MARKS 002, MARKS 012, arc holding the 
marks in 12 papers of a student We propose to accumulate them as ACCUM This 
could be accomplished in 12 instructions as helow 

ACCUM = ACCUM+MARKS 001 
ACCUM=^ACCUM + MARKS 002, etc to-, 
ACCUM==ACCUMd-MARKS 012 

But we do not do this way. We shall adopt a cleverer approach which is made 
possible by the facility of what is known as the “modifying” instruction in the instruc- 
tion repertoire. 

It IS to be seen that the 12 instructions above can be generalised as 

.ACCUM=ACCUM+MARKS (X) (A) 

We have to start with X= 1 and then go on incrementing it by one to generate 
the above 12 instructions. This we do as below. 


r 


Set X=0 in (A) 

Increment X by 1 in (A) 
ACCUM=ACCUM + MARKS (X) 


V3 

s 

b- 

CNt 





( 2 ) 

( 3 ) 

(A) 


• ( 2 ) 
( 3 ) 
(A) 



(2) 

(5) 

(A) 

N 









22 


By step (2) we made X m step (A)=0 and by step (3) we incremented it by I 
so that MARKS (X) in A has been made MARKS (1) which is the same thing as 
MARKS 001. If we repeat steps (3) and (A) 12 times as per the left flowchart seg- 
ment above, we, m effect, will have performed the aforesaid 12 instructions 

But how do we repeat this loop 12 times ’ This is accomplished by including 
the comparison step (4) as per R H S segment above In this step, we pose the 
question if X has become 12. 

The completed flowchart is shown in Fig. 16 0 

Step (3) in Fig B above corresponds to what is known as the modifying 
instruction since it modifies the instruction corresponding to step (A) The step (2) 

IS a sort of initialisation step or instruction since it sets the value of the variable X at 
0 for each student’s 12 papers. 



Modification of the 'Comparison' Step 

Example 17. Prices for ten commodities in the current year are designated 
by J(X), X varying from 1 to 10. Likewise, their last year’s prices are designated by 
K(Y), Y varying from 1 to 10 Draw the flowchart for finding the number, N of 
commodities of which prices have increased. 
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The flowchart is drawn m figure 17. 

The crooked arrow shows the comparison step that is initialised and modified 
for looping. The following is ihe comprehensive list of comparisons of this type that 
are valid. 

J (X) > K (Y) 

J (X) = K (Y) 

J (X) k: (Y) 

J (X) < K (Y) 



Example IS. Prices of a commodity in ten major cities are designated by 
J(X), X varying from 1 to 10 The price pervading m the capital is designated by C. 
Find the number of cities having the price less than that in the capital. 

The flowchart is drawn in figure 18 with the crooked arrow showing the com- 
parison step that IS initialised and modified for looping The following is the compre- 
hensive list of this type of comparisons possible in flowcharting. 
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J (X) < C 
J (X) = C 
J (X) > C 
J (X) C 


or C > J (X) 
C = J (X) 
C < J (X) 
C # J (X) 



Example 19. There are 1000 students m for an examination. The roll 
number of a student, his name and marks obtained by him m the 10 papers are 
encoded in a punched card Cards are input into the CPU one by one for finding for 
each student the number of papers, N m which he scored distinction by obtaining 75 
out of 100 or more marks. Name is held by NAME, Roll number by ROLLNO 
and maks by MARKS (X), X = 1 , 2, 3 10. 

The flowchart is shown in figure 19. The crooked arrow shows the comparison 
step of major interest. This comparison involves a constant 75 The following is 
the comprehensive list of this type of comparisons valid in flowcharting. 

J (X) < 75 (On R.H.S, alphabetics or special symbols 

J (X) = 75 can also be had). 

J (X) ^ 75 
J (X) > 75 
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N.B. 75 > J (X), etc. is invalid. 



Modification of the "Transfer Step". 

Example 20. Assign a value of 37 to each of the array, J (X), X=l, 2...10. 

The crooked arrow in the flowchart of fig. 20 shows the “transfer” step of 
interest wherein 37 is put in each of the 10 locations designated in general by J (X). 
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Fig 20 Fig. 21 

Example 21. Transfer the contents of locations J (X), X=2, 4, 6, 8, 10 
. .20toK(Y), Y=l,2, 3 10 

The flowchart IS shown in figure 21 The crooked arrow shows the step of 
major interest wherein lC(Y)’s are successively equated to J (X)’s. 

Example 22 Transfer the contents of location J (0) to each of the follow- 
ing 10 locations 

The flowchart is shown in figure 22 for transferring the contents of J (0) to 
each of J (1), J (2), J (3) 5(10) The crooked arrow shows the step of major 

interest. 

Modification of Arithmetic Steps. 

Example 23 It is desired to add contents of 10 locations J (X), X=4, 7, 10 

31 and K (Y), Y=l, 2, 3 10 on a one to one basis and put the results m 

R (Z), Z==2, 4, 6 20 

The flowchart is shown in figure 23 The step of major interest has a crooked 
arrow to it. The following is the comprehensive list of such types of steps. 

R (Z) = J (X) -t- K (Y) Such types are 

R (Z) = J (X) — K (Y) also valid : 

R (Z) = J (X) • K (Y) R (Z)- R (Z)-i-J (X) 

R (Z) = J (X) / K (Y) R (Z)= R (Z) / I (X). etc. 
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Fig. 22 Fig. 23 


More Examples on Modification of Arithmetic operations. 

Example 24. Multiply R (Z), Z=2, 4, 6 20 and K (Y), Y=3, 6, 9 

...30 on a one to one basis and put the results in J (X), X= 19, 18, 17 10 

The flowchart is shown m figure 24. It is the intention here to bring out the 
fact that decrementing of L H.S, J (X) (in general even one or both designations on 
R.H.S) is also valid by 1 (in particular and in general any integer). 

Example 25. Add Rs 45 (a constant) to the wages of 10 persons designated 
byJ(X).X=l, 2 10. 

The flowchart is drawn m figure 25 The crooked arrow shows the step for 
adding a constant to the contents of a location. Other permissible steps of this type 
are as below : 


J (X) = J (X) -45 
J (X) = J (X) * 45 
J (X) = J (X) / 45 
K(Y) = J (X) +45, etc. 
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Fig 24 Fig. 25 


Example 26. Print 6 'P’s m the pattern below. 

012 (print position) 

P 

P 

P 

P 

P 

P 

007 (print position) 

The flowchart is drawn in figure 26 The print instruction has the following 
two formats Printing is done in one line by an instruction 

1. Print (Given material as ‘P’ here) starting at print position (001 to 160). 

With this type of instruction the programmed material is printed. We want 
to print *P’ at starting print position 012 ; therefore, we give the instruction “Print ‘P’ 
at Y.” Y IS the print position on the continuous stationery which usually can accomo- 
date 160 characters in one line. We want to print ‘P’ at the Y-th position. In the 
given pattern ‘P’ in the first line is to be printed at position 12, therefore, Y is set 
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at 13 and then decremented by 1 This is followed by “1 line CS feed” which means 
programming to raise the continuous stationery by one line so that it is set for printing 
the 2nd ‘P’ m the 2nd line By means of the loop Y is decremented from 012 one by 
one so that ‘P’s are printed at positions 012,011,010,009,008,007 in successive 
lines 

2. Print (Contents of a loeation) at starting print position (001 to 160) 

The type is illustrated in the following example 

Example 27. 64 locations J (X), X= 1, 2 .64 hold 64 3-digit quantities 

It IS required to draw the flowchart for printing these in an 8 X 8 matrix as below : 

412 331 602 400 405 403 408 421 
424 425 423 422 421 420 419 426 


531 310 410 212 111 402 124 429 



Fig 26 


Fig 27 
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The flowchart is drawn m figure 27 The first row figures in the above matrix 
are the contents of J (1) to J (8) The second row figures in the above matrix are the 
contents of J (9) to J (16) Moving this way the figures of the last row are the contents 
of J (57) to J (64) 

The first column is printed at start position Y=005, the 2nd column at 
Y =010, and so on, so that the 8th column has the starting print position Y=040. 
Thus in the flowchart when Y become 040 it is a signal that the printing of a line is 
over , therefore, the continuous stationery is raised by a line, Y reset at 005 for com- 
mencing the printing of the next line. 

We arc giving an increment of 5 to Y which is the minimum necessary It 
could be more but it should not be less because the three digits and the sign (for, say, 
debit / credit as+or — ) would require 4 print positions and the fifth position would be 
left blank as a gap between two neighbouring qualities 

Example 28 Q (X), holds 9 quantities Ql, Q2 Q9 Obtain the highest 
quantity in location H and tne lowest quantity in location L 

The flowchart is shown figure 28. In addition to the given symbols another 
symbol Q (which is ths same as Q (0) ) is used to hold Q 3, Q 4 Q9 in turn 



Fig. 28 
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We start in the manner of example 5 on page 9 Having put that way the 
higher of Q1 and Q2 in H and the lower in L tentatively, from step 1 onwards, we 
want to compare Q3, Q4 Q9 in turn with H and L In fact, steps 4 to 7 are simi- 
lar to the later part of the flowchart of example 5 on page 9. 


In steps 1 and 2 we prepare X= 3 for step 3 which now reads “Q=Q(3)”. 
What we have done is that we have put the contents of Q (3) in Q and in steps 4 to 
7 we work on Q instead of Q (X). Why are we reluctant to work with Q(X) straight 
in steps 4 to 7 well we could do so and we would get the wanted results But by 
working with Q(X) directly in steps 4 to 7 these steps would read as below on the 
L H S rather than on the R H.S as in the flowchart 


Step 4 

Q(X) > H 

1 

r 

Q > H 

Step 5 
Step 6 

H = Q(X) 
Q(X) < L 

1 rather 
>■ than 

1 

1 

1 

H - Q 

Q <; L IS the flowchart 

Step 7 

L - Q(X) 

1 

J 

1 

L 

L = Q 


So if we work with Q(X) straight in steps 4 to 7 we shall have to set X=3 in 
each of these steps But by having equated Q with Q(X) we can work with Q and we 
do not have any problem of setting X m steps 4 to 7. 

Example 29 In locations J(X), X=l,2 . 200 arc held 200 quantities. 

Draw the flowchart for finding the ratio of the total number of quantities divisible 
by 10 to that of not divisible by 10 


The flowchart is shown in figure 29 The following symbols are used in it 


NON TEN 
TENNER 
RATIO 
J(X), X=l,2.. 
J 


Total number of items not divisible by 10 
Total number of items disivible by 10 
Ratio NONTEN/TENNER. 

200 

This IS used to hold the last digit of a quantity. 


Partial transfer (as we have done in this flowchart) of one or more consecutive 
digits from one location into another location is valid 
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Example 30. It is required to compute the geometric mean of six past prices 
for each commodity is an inventory of 50 commodities, the 6 prices having been 
encoded in a punched card which are read into the CPU in locations designated by 
VALUE 001 to Value 006 Draw the flowchart. Use would be made of a S R to 
compute the 1/6 powers 




a 


Here again, modification instruction is put to use, which is always the case 
whenever an array or a list of variables are to be processed similarly. 



Fig. 30 


Example 31. It is desired to sort 5 quantities in a list held in the CPU 
locations symbolised by LIST 001 to LIST 005 Draw the program flowchart. 

Switching or Exchange Method of Sorting Within the CPU 

The list X to be sorted is assumed to be as follows 
X(l) 

X(2) 

X(3) 

X(4) 

X(5) 

The logic of method depicted in the flowchart in fig. 31 may be summarised as 

follows 

1. Check the first pair of values m the list X-that is, compare X (1) and X (2). 
II they are in the right order, X (IXX (2), leave them alone and proceed to check the 




next pair of values. If however X(1)>X(2) they are m the wrong order and need to 
be switched i.e. exchanged before proceeding to a check of the next pair, X (2) and 
X(3) 

2. After one pass through comparing each neighbouring pair of the values of 
X, It IS necessary to go through another pass to ensure that each pair of values is now 
in the right order (that is it no switching occurs during the pass) another pass is still 
required to ensure that a sorted list is being achieved 

For illustration of how the sorting logic works, the list X is assumed to be as 
follows before sorting begins 

X(l)=.l 
X(2) = 5 
X(3) = -2 
X(4)=7 
X(5) = 4 

The values of the elements of X during the first pass though the list are 
summarised below 



VALUE OF X WRING 1st P/ISS 

AFTER 

I 

LOOP 

r=/ 

1=2 

1-5 

r-4 

xfo = 

1 -1 

1 

i 

1 

1 


5 ] 



-2 

~Z 


-2 



5 

5 

U 

X 

7 

7 

7^ 





Fi 

4 

F,y 

n 

p 5i/^lTCHING 

NO 

y£S 

NO 

y£5 


VALUt OF 5 

0 

{ 

1 

Z 

z 


The value of I only goes from 1 to 4, since when 1 = 4 the last pair of values 
of X, X (4) and X (5), will be compared. 

As demonstrated above, after one pass though the list, the values in list X 
are not all in the right order since two switches occurred during the pass. Hence a 
second pass through the list is required. The value of the elements of X during the 
second pass are as follows : 
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The flowchart is drawn above and explained below 

Step 1. The switch counter is set equal to zero 

Step 2 This step initialises the loop to follow 

In steps 4 and 5, we are using LIST (X) as the general symble for the five 
locations : 

LIST (1), LIST (2), LIST (3). LIST (4J and LIST (5) holding the five . 
numbers to be sorted in the ascending order. Naturally, therefore, if LIST (X) * 
IS made LIST (0) by setting X — 0 in step 2 under explanation LIST (X+1) would 
mean LIST (1) Ihus having set X=0 in steps 4 and 5, LIST (X) means LIST (0) 
and LIST (XTl) means LIST (1). Surely LIST (0) is not one of the five locations 
holding the live numbers. This is set right in step 3 

Step 3 X IS incremented by 1 in the following steps, 4 and 5. This makes 
LIST (1) of LIST (X) and LIST (2) of LIST (X+1) 

Step 4. LIST (1) is compared with LIST (2) 

Since we know LIST (1) = 1 and LIST (2) = 5 are in the right (ascending) 
order no switching is needed, therefore, steps 5 and 6 arc bypassed 

Step 7. Since X = I and not 4 therefore, the program flowchart loops back to 

step 3. 

Step 3 X IS incremented by 1 so that step 4 reads “Is LIST (2) > LIST (3) 
Since we know LIST (2) = 5 and LIST (3)= — 2 and as such the answer to the question 
of step 4 IS in affirmative We, therefore, proceed with step 5 and switch the contents 
of the two locations. In step 6, the switch counter is incremented by 1 to count that 
one switching has taken place. 

In this manner, the loop is executed 4 times (X = 4 in step 7 ) and then we take 
up step 8 which poses the question, “Is S, switch coumci=0 '!” We know S^O, 
therefore, the flowchart loops back to step 1 lor the end pass. 

Note I . If It were required to draw the flowchart for sorting those quanti- 
ties in the deicending order the above flowchart with step 4 modified as below would 
serve the propose 


LIST (X) < LIST (X + 1) 

Note 2 . In the above flowchart, we have condensed the printing step 9. ^ 
supposing the list were to be printed in the format below expand step 9 as an exercise. 

—2 (Start print position 005) 

1 

4 

5 
7 
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Exercises Set 1 

1 Draw flowcharts, one each for suinming up the following sene 
1 A+2 A'+4 N terms 

r3 + 3”4+f5 + 5V- 

I 2 -*1-3 +1*4- +15 + 


1 3,2 4 3 5, - , . 

2-4 5-+3-5-6 '-4 6T+ 

1 A— 2 A*+3 A^— 4 A^f N terms 


2 Draw a flowchart for finding the 16th root of a number. 

3 Draw a flowchart for computing and printing the simple interest for 10, 
11, 12, 13 and 14 years at the rate of 3% per annum on an investment of Rs. 10,000. 


Miscellaneous Solved Examples 

(After having gone through these the student may want to redraw these by 
closing the study paper) 

Example 32. Physiologists claim that twice the height in inches of a person 
gives his normal weight in pounds roughly We have 50 hights as J (H) and corres- 
ponding weights as K (W) , both H and W= 1, 2, 3 50 Draw the flowchart for 

computing the %age of over weights. 

The flowchart is drawn in figure 32. The following symbols, in addition to 
the ones given, have been employed 

RATIO of height and weight of a person. 

COUNT Count of No. of persons. 

PERCENT %age of over weights. 

Example 33, Salaries of 100 persons arc designated by J (S), S=l, 2, 3.. 100. 
Draw flowchart for finding %age of the following salary ranges. 

< Rs. 1 500 (per month) 

1500 to 3000 
> 3000 


I 
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The flowchart is drawn in figure 33. 




(Example 34 to 36 should be done after having gone through OR Study VI) 

Example 34. Referring to the first solved example in Replacement Theory 
in or Study VI draw the flowchart for finding the optimal replacement interval and 
the least cost. The following symbols may be used. 

C Initial Capital Expenditure. 

S Salvage Value. 

CAPT C-S (P»e<l for all periods) 
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Printout IS to be had in the format below. Also, given are the necessary 
symbols. 


1 

Period 

C-S 

Running 

Cost 

1 Cumulative 
Running 

1 Cost 

Total 

Cost 

■Average Cost 

Symbol N 

Symbol 

Symbol 

Symbol 

Symbol 

Symbol 

Last period 

N = T 

CAPT 

1 

1 

1 

R(X) 

X=l,2 .T 

] 

i 

CUMR 

TOCOST 

AVCOST 

X=l,2, T 


The flowchart is drawn in figure 33. Stepwise explanation follows 

Step 4. X of R (X) is set at zero. This initialises the loop from step 5 
through step 13 

In this loop, m step 8 R (X) are accumulated in CUMR one by one Total 
Cost IS computed by adding C-S to CUMR in step 9, average cost is computed in step 
10 by dividing total cost by N and the following are printed m step 11 in a line as 
above. 
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Example 35. Draw the program flowchart for finding the optimal replace- 
ment interval for example 8 of the replacement theory, study VI of OR Rate of 
interest, r is given. 
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An excerpt of the solution of this example for Machine A is given below. 
Symbols used m the flowchart below are also given at the bottom of the excerpt. 
R=l+r 


Year 

Running 

Costs 

Y»-i ^ 

Col. 2x 
Col. 3 

S col 4 

Total 

Cost 

V»_l 

v -1 

=5:v'*-» 

Col 2 X Col 7 
e g 2nd fig. of 
Col 2 X 1st fig of 
Col 7 

1 

2 

3 

4 

5 

6 

7 

8 

1 

800 

1 0000 

800 j 

o 

o 

00 

5800 

1 0000 

800 

2 

*800 

0 9091 

727 

1527 

6527 

1 9091 

1528 

3 

800 

0 8264 

661 1 

2188 

7188 

2 7355 

1 

2189 

X=1 

2 ..T 

R(X) 

F 

F*R (X) 


TOCOST 

(X) 

CUMF 

COL 8 


COL IS Accumulated in ToCOST 


Step 1. Initial Cost, C, Salvage Value, S, the total years for which data is 
given, T, R=l+r and R (X), the running costs are read via, say, a punched 
card. 

Step 2. Let TOCOST=C-S 

Step 3. Set F=1 and X=0. F would be made ^ in turn in 

the loop to follow. 


Step 4. X is incremented by 1 in steps 4 to 8 i.e , in the loop whenever it 

is used 


R(X) 

made 


Step 5. TOCOST (X) i e. each figure of Col. 4 is computed by discounting 
with the discount factor F F is 1 to start with In step 10 it would be 

^ 2 «etc. in turn. 


Step 6 Col. 6 figures are obtained in TOCOST which accumulates Col. 4. 


Step 7. 


V«-l 

V-1 


2 

<-0 


vs therefore, it 'S obtained (i.e. figures of Col. 7) 


by 


accumulating F’* in CUMF. 

Step 8 COL 8 (i.e. col. 8 figures) are derived by multiplying CUMF with 
R (X+l) I.e. running cost of the following row. 

Step 9. COL 8 is compared with TOCOST. 
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Fig. 35 

Example 36 Draw flowchart tor finding the optimal replacement interval 
for group replacement (for items that fail suddenly) with reference to example 9 on 
Replacement Theory in OR Study VI 

The flowchart is drawn in figure 37. The following symbols have been used. 
N Number of bulbs in the installation. 

GRCOST Cost of replacing a bulb in group. 

INCOST Cost of replacing an individual bulb. 

P(X) Probability of failure (Not to be confused with the given “pro- 
bability of failure to date” in example 9, OR Study VI) in 

X-th week, X=l, 2 

The above are read in • 

T Replacement Interval. T will assume values of 1, 2 

N(Y) No. of bulbs individually replaced in period Y=l, 2, 3, . . 

TERM NoPi or NoPa. etc In general, it is N(Y) * P(X). It is to be 

noted that X-1-Y=T. 
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TOCOST Total cost. It holds the total costs for 1 week, 2 weeks, 
3 weeks, etc in turn 

AVCOST (T) Average cost for replacement interval T. 

Step-wise Explanation 

Step 0. Clear all working locations 



Fig. 36 
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Step 1 N, GRCOST and FNCOST are read in via, say, a punched card. Also 
read /n are all P(X) To tie P(X) to the solved example 9 of OR Study VI 

P(I)=0 05 

P(2)-0 08 

P{1) -0 12, etc i c they are prc computed 

St("p 2 T IS sct“0 for the outer loop from steps 4 through step 14. 

Step 3 Total cost is set at the periodic group replacement of N bulbs at 
1000x0 60 

Step 4 T IS incremented by I i e to start with it is 1 weekly replacement 
policy. Thus step 4 through step 15 constitute the replacement policy loop. 

for the inner loop from steps 6 through Step 10 In 

this loop wc shall compute 

Nj~No/ij-I Nj/ii 

Nj=NoPa4-N|/)j+Njp,, etc , in turn. 

Step 6 ItiRM -N(y) * P(X) 

Since to start with T = 1, Y=--0, X=T— Y = 1 , 

TERM --N(O) * P(t) le NoP, 

Step 7 Wc compute N(T) i e N{1) to start with as the sum of previous 
value of N(l) which is zero and TERM which is NoPi. 

Step 8 &9. Y becomes 1 and X becomes 0. 

Step 10. For Ni only one term , therefore X=0 makes it an exit from the 

loop 

Step II. The inner loop yields the values of N (1), N (2), etc in turn i e 
the number of individual bulbs to be replaced in each week chronologically To 
TOCOST IS added the cost of individual weekly replacements. 

Step 12 Average costs are computed and stored in AVCOST (T) i.e. 
AVCOST (I), AVCOST (2), etc 
AVCOST (0)=0, made in step 0. 

Step 15. AVCOST (T) is compared with AVCOST (T—1). If it is more it 
means AVCOST (T — 1) was optimal with (T—1) as the optimal replacement 
period : otherwise, flowchart loops back to step 4 Since AVCOST (1) is more than 
AVCOST (0), the latter being zeroised in step 0 it is an exception to step 15. 

Step 16. The interval T and the corresponding average cost are printed. 

Example 37. A student has to take 5 subjects m an examination He is declared 
to have passed if he gets in the aggregate a mimmum of 45% marks and a mimmum 
of 40% marks in each subject. If the aggregate marks is 60% or more with 40% mini- 
mum marks in each subject, he is declared to have passed in first class If the student 
does not pass but gets 50% marks in any of the subjects he is exempted from appea- 
nng in that subject next time. 

Write a flowchart to print the result, given the students names and mark in 
each subject as input. 


Step 5 Y-=0 

X -T - Y 
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The flowchart follows. The headings referred to in its step 1 are given below 


Name 

Marks in paper no 

1 1 2 j jj 4 j 5 

Total 

marks 

or 

“FAIL” 

Division 

“FIRST” 

or 

left blank 

Print 


1 

1 

j ; 



Position 005 

025 

030 

035 

040 045 1 

050 

056 


(N B. Marks followed by “E” means exemption in that paper) 


The following symbols have been employed. 


r M(i) 


MARKS holds marks in 

1 M(2) 

for marks 

each of the 5 

M(X), ^ M(3) 

1 

in each of 

papers one by 

1 M(4) 

the 5 papers 

one 

L M(5) 




TOTAL Total marks (only if passed all papers) 

FAIL =0 means pass 

= 1 means fail in one or more papers 

NAME Name of a student. 

Explanation on the flowchart 

Steps 6 7 8. 9 ascertain if a student has passed all papers or not If he 
has passed FAIL remains 0, otherwise upon failure in a 
paper FAIL is made 1 

Steps 10 and 11 initialise the loop for printing marks in each of the papers 
for printing “E” where applicable and for tinding the total 
marks of a pass candidate This loop being initialised 
runs from Step 12 through Step 20. X and Y are set at zero 
Also, TOTAL IS zeroised 

[In Step 14, marks in each paper, in turn, are copied in MARKS] 

Steps 12 to 15 print the marks in each paper at print position 

Y = 005, 010, 015, 020, 025 

5/epi 18 and 19 apply to “not pass” students for determining and printing 
E, exemption Step 17 accumulates the marks of a student 
in the 5 papers. 

Steps 21 to 27 are self-explanatory. 
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(In step 10, please include TOTALED) 

Fig 37 Contd. 

Example 38. Write a program flowchart to process data in the format 
shown below , 


Employee No. 

Job classification 

No, of years 

Emplojee’s 


code 

employed 

current annual 




salary 


Punched Card 
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Fig. 37 

Each employee is to receive a % age salary increase based on the job classification and 
the number of years employed The following table shows the % age increase for the 
ciilterent job classifications and years of employment 


Years 

1 

2 

Job Class 

3 

4 

5 


Employed 

0-1 

5% 

5% 

5% 

5% 

5% 

J(l) to J(5) 

2—5 

10% 

10% 

15% 

15% 

15% 

J(6) to J(10) 

6 — 10 

15% 

15% 

15% 

15% 

20% 

J{11) to J(15) 

11—20 

20% 

25% 

25% 

25% 

25% 

J(16) to J(20) 

21-99 

28% 

28% 

28% 

28% 

30% 

J(21) to J(25) 


The flowchart is to determine for each employee the rupee amount of the increase and 
print on one line the employee number, the old salary, the increase and the salary 
after the increase. At the end of the report print the total of all increases and the total 
of all new salaries. 
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Fig 38 


Solution The flowchart is drawn m the figure 38 above. The following 
symbols have been employed. 


J(l) to J{25) hold the table of % age increase J(l) to J(5) are meant for the 
1st row, J(6) to J(10) are meant for the 2nd row and so on. 

YR Years Employed 

JOB Job Class (I, 2 , 3 , 4, or 5J 

Y Working location to determine location holding the 

% age from the given table on the basts of the years 
employed and Job Class. 


INC 
OLDS 
NEWS 
CUM INC 
CUMS 


Increase'in Salary 
Old Salary 
New Salary 

Cumulative Increase in Salary. 
Cumulative new Salary 


Explanation. First, we shall explain how Y is assigned a value. Suppose 
there is an employee with 7 years of service and Job class 4. Looking along the yeras 
of service across the % age table this employee’s % age is to be formed in the 3rd row 
ie. in one of the locations J(ll) to J(1S). Thus, if we first set Y=J(10) and then 
make it J(13) in view of his Job Class 3 we would have got J(I3) as the address of the 
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location that contains the % age applicable to this employee Steps 3 to 11 set Y= 
0, 5, 10, 15, 20 for the 1st, 2nd, 3rd, 4th and 5th rows respectively In Step 12 Y is 
incremented by the Job Class 

In Step 13 we set X=Y for step 14 In step 14 we compute the increase in 
salary by multiplying the old salary with J(Y), the % age increase. 

Example 39. Same as example 38 but intead of the years employed therein 
we have the following column. 

Years Employed 

0-5 

6—10 

II-I5 

16-20 

21-25 

Solution . The flowchart is drawn in the figure below. This lime the years 
employed class intervals are equal , therefore, in step 3 of the flowchart Y is straight- 
ing computed as 

^ years employed Class 



Fig. 39 
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Example 40. A CompreheiiBive Flowchart for Processing Sequential 
Files under Batch Processing Mode 

(N.B. The flowchart of figure 13, Study I was deliberately kept simple by 
using dummy blank cards at the end of the rnaster stock file and transaction file. 
However, this flowchart is comprehensive as well as usable in real-life situations). 


SiMBDLZ 
M= MAZIER 
T<= TRANSACT/ON 



To explain the various steps let us suppose that the following are the master 
file and transaction file record keys : 




Master File 
Transaction File 


1 2 4 6 9 11 17 20 21 22 29 * 

1 5 6 7 9 n * 

* means end of the file. 

Also, please note that there are gaps in the keys of the master file Keys 5 
and 7 m the transaction file represent new records created to be put into the master 
file appropriately m sequence 

Please have a look at the definition of the various symbols used at the top of 
the flowchart. 

S/ep 1 A master record is read Key=l 

2 A transaction record IS read Key=l 

3. Is transaction Key * 

No, it IS 1 , therefore, step 4 

4 Transaction Key Versus Master 
Key. They are equal , therefore. 

Step 5. 

5. Master record is uprated. 

Also accumulated are batch totals 
from the transaction record. Back 
to Step 2 

2 Read a transaction record Key=2 

3 Is transaction Key * 

No, It IS 2 ; therefore, step 4. 

4. Transaction Key (2) is greater than 
Master Key (1) , therefore. Step 7. 

7. Updated master record 1 is written on the 
output (C/F) magnetic tape. 

8. Next Master record is read Key'=2 

9 Is master Key * ? No, it is not , 
therefore, Step 4 

4. Transaction Key (2)=Master Key (2) ; 
therefore, Step 5. 

5 Undate master record 2. Also accumulate 
batch totals for transaction 2. Back to 
Step 2. 

1 . Next transaction record IS read Key =5 

3. Is transaction key * ’ No, it is 
not , therefore, to Step 4. 
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4. Transaction Key (5) > Master Key (2) , 
therefore, Step 7. 

7. Updated master record 2 is written onto C/F tape 

8. Next master record is read Key = 6 

9. Is master Key * ? No, it is 6 ; 
therefore, back to Step 4. 

4. Transaction Key (5) < Master Key (6) , 
therefore. Step 6. 

6. New master record is created by 

copying transaction record 5 on to CF 
tape. Back to Step 2. 

The student may proceed on this way until both the asterisks have been reach- 
ed one by one. Likewise, he may “dry process” (just as we did above) the following, 
master and transaction files. 

Master File 1, 2, 3, 4, 6 * 

Transaction File 1, 4, 7, 8, 9, 10 * 

Here new records 7, 8, 9, 10 have to be put at the end of the C/F tape. 

Exercises, Set II. {The Student muvt do these. Mere understanding our 
examples is not enough) 

1, Wages of 500 workers are held in J(W), W=],2, ... 500 Draw the 
program flowchart for compiling the frequency distribution and printing 
It in the following format. 

C/ass Interval Frequency 

< 300 
300 < 400 
400 < 500 
500 < 600 
600 < 700 
700 < 800 
800 < 900 
> 900 

2. Out ofan array of numbers J(N),N= 1,2. . 100, 5 numbers are known 

to be zeros. You have to draw the program flowchart for squeezing 
the zeros out i.e. re-arrange the 95 non-zero numbers in locations J (N) 
N = l,2 ..95. ' 



53 


Also, extend the flowchart for printing these 95 numbers in a ) 9 x 5 matrix 
assume that a number is at most of six digits 

3. J(E), E — 1,2 . 42 contains 42 quantities of a 7 X 6 matrix. Draw the 

program flowchart for printing its transpose , assume that a number is at 
most of 5 digits. 

4. Names of eleven cricket players are held in J(X), X=l, 3, 5 21 and 

their respective batting average in J(X), X=2, 4 22, You are to 

arrange the eleven players in the descending order of their batting average 
e g J(l) and J(2) would hold the name and average of the topmost 
player. 

5. Draw the program flowchart for summing up 1, ] 1, 1 1 1, 1 1 1 1 (10 terms). 

6. J(X), X=l, 2 200 designate 200 numbers. Draw the program flowchart 
for computing the following. 

1. The % ages of negative, zero and positive numbers 

2. The sum of the -ve and + ve numbers separately. 

3. The sum of the absolute numbers. 

4 The sum of squares of all the numbers. 

7. Draw the program flowchart for printing the following pattern on the 
continuous stationery. 

M M 

M M 

M M 

M M 

M M 

M M 

M M 
M M 
M 

8. Referring to OR Study II, for the Newspaper Boy’s problem draw the 
program flowchart for finding the expected payoff" of each strategy and 
picking up the best strategy. 

9. Assume that you opened a savings account with a local bank on 1-1-1980 
The annual interest rate in 5 75% Interest is compounded at the end of 
each month Assuming that your initial deposit is x rupees draw a flow- 
chart to print out the balance of your account at the end of each month 
for two years. 

10. Write a program flowchart to compute the mean and S.D of N numbers 
denoted by J(X), X=l, 2 .. N. 
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1 1 The median of a list of numbers is defined to be that item in the list that 
has as many items greater than it as less than it, if there is an odd number 
of items in the list the median is the average of the two middle items. 

Draw a program flowchart to read a list of numbers and print the 
median 

[Hint : Sort the list first] 

12. A + ve integer is called “perfect” if it equals the sum of its proper divi- 
sors For example, the numbers 6 and 28 are perfect, because, 

6-l-f2+3 4 

28 = l-f-2 + 4+-7+14 

Write a flowchart to decide whether a -f ve integer is perfect. 

13 There is a class of 150 students. Each student appears m 12 papers The 
marks obtained by him are transcribed on a punched card, thereby giving 
us a deck of 150 punched cards It is desired to draw the program 
flowchart for totalling and printing the marks of those students who pass 
all the 12 papers and printing “FAIL” for others Pass marks=40%. 

14. In addition to the printing requirements of example 13 the following 
would also be printed : 

Marks m each paper (whether or not he passed it individually) 

Marks in a paper would be followed by E if a student scores more than 
60% marks m it but has failed in at most one paper (E stands for 
exemption). 

Marks m a paper would be followed by D if a student has scored 75% or 
more and also he has not failed in any paper (D stands for distinction). 

Summary Data 

No of pass (in all papers) students 
No of failed students. 

No. of exemptions in each paper. 

No. of distinctions in each paper. 

You are advised not to tamper with the flowchart of exercise 13 but to draw 
the flowchart for this example afresh. 

[Note • The student may send in at most 4 flowcharts of these 14 to us for 
appraisal]. 

•Part 11. RUN FLOWCHARTING 

Several business applications (viz. Inventory Control) are discussed in this “ 
part by means of run flowcharts These, however, cannot be grafted on a given 
organisation i.e, they are just hypothetical in nature and are given here to explain 
flowcharting. All the steps of systems analysis and design discussed in delail m Study 
111 have to be gone through for arriving at flowcharts for the various apphcations for 
a given organisation in practice. 

‘Combination C students need not concern themselves overmuch with fllow- 
chartmg details ; but they ought to do carefully the inputs, processing and outputs of 
each application. 



The transactions m these applications are punched on cards and processed 
periodically against the master files to produce the desired reports, summaries, pro- 
jections etc. in a computer setup (also known as the computer run). The transactions 
may have to be sorted before the file up-dating run If these transactions are on 
punched cards these would be sorted by the key in which the master file has been 
arranged on a card sorter off fine. If, however, the cards are on a magnetic 
tape they can be sorted online in several passes in what is known as a sorting run. 

The punched cards have been used for the transactions files and the magnetic 
tape has been used for the master files throughout the study note merely for illustra- 
tion Alternative media, however, can be employed Which media actudly to employ 
in a given situation is again a systems analysis and design matter and is adequately 
discussed in study 111. 

It is to be carefully noted that all the data fields appearing on the output 
reports, summaries, piojections etc are after all either directy picked up from the 
transactions/master files or derived, after some arithmetic operations, Irom these. 
If therefore, the layouts ol the outputs are well-defined and the input layouts 
designed to suit the former writing ot the program for a particular up-datmg run 
becomes self obviously simple and can be entrusted to the programmers. Incidently, 
we can also assert if the student is clear about layouts of outputs and of transac- 
tions/master files for an application the run flowcharts should flow out of his hands 
naturally. Besides, in the program have also to be incorporated some checks and 
controls to serve as, what we call, judgement For example, in a manual system if 
a clerk finds the price of a washer as Rs 50/- instead of 50 P , he would be 
suspicious, run around, get the correct price and amend the records accordingly. 
The computer does not possess any such judgement and it would accept Rs. 50/- as 
the correct price for a washer and even pass the invoices sent by the supplier. 
Therefore, there is a need to build m checks and controls in the program 
so that, such errors or omissions can be detected and brought to the notice ol the 
computer users Invariably, in an up-dating run one of the outputs is an error fist 
and summary information which contains such errors and the batch totals computed 
by the computer. These totals are then compared with the ones derived manually 
prior to processing as discussed in study I, and the errors detected via the checks and 
controls are scrutinised by the user departments and ultimately rectified and re-sub- 
mitted for computer processing. 

Another point which needs some explanation at this stage is the term, integra- 
tion. Integration of sub-systems implies multiple use of the same transaction copies 
and files. 

There are several gradations of integration. In a rudimentary way, it can be 
had even in manual systems. For example, a company has a simple integrated 
procedure „ for processing goods received notes. In this procedure, the receiving 
organisatio” puts a stamp on the back of the advice notes received along with 
the goods from the suppliers. This stamp carries all the usual particulars 
to be found on a goods receipt note This single copy of the advice note then 
travels from the receiving section through the inspection, stock control, purchasing to 
invoicing section etc. All these sections update their files with this single copy 
and make the appropriate notings on it This is an example of the integration of 
various departments i.e., all of them use the same copy of the transaction in contrast 
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to un-mtegrated systems where the goods receipt note is prepared in several copies 
and each department uses its own copy In all the applications discussed in this study 
note, this concept of multiple use of the same transactions is to be found The 
transactions may be put on punched cards or magnetic tape, etc , for computer 
processing but they are never multiplied in several copies Integration at a higher 
level also implies fusing of the various files into a data base and is discussed in more 
detail m study III 

1. Sales 

A computer-based sales order processing system is characterised by the 
following possibilities of integration — 

1 Sales accounting and sales analysis are integrated with accounts receivable 
operation and records 

2 Credit functions can be integrated as far as possible into the overall 
flow of automated processing 

3 The sales application is closely related to inventory control processing 

Integration of credit functions is based on the assumption that credit review 
contains elements that arc capable of being handled by a computerised system This 
assumption is valid if credit review involves the application of a set oi criteria in a 
systematic way without any resort to subjective considerations Nevertheless, even if 
the credit review cannot be completely formalised and automated the bulk of routine 
computations can still be performed by the computer The rejections would contain 
the special cases that would be reviewed subjectively later. 

The flowchart in figures I to 3 depict a typical sales order processing system 

1 1 Input Preparation 

The sales department prepares the sales order m duplicate upon receipt of 
the customer’s purchase order or telephonic information from a salesman or the 
customer, after satisfying themeselves that the customer’s account is not delinquent. 
One of the outputs of a computer run to be discussed subsequently is the list of 
delinquent accounts which the sales department consults to establish the credit-worth- 
iness of the customer. One of the copies of the sales order is sent to the customer 
as an acknowledgement of the receipt of his purchase order The other copy is sent 
to the shipping department as an authorisation to ship the goods to the customer. 
The format of the sales order should be so designed that it facilitates error-free and 
quick entry of data from the custmer’s purchase order as also transcription of data 
from It on to punched cards subsequently. The sales department enters the quantity 
shipped and quantity back ordered against each line on the order, i e , for each stock 
Item on order, the price having already been entered by the sales department. 
The shipping department assembles the sales orderes in daily batches and compiles the 
following batch totals for it on an adding machine, perhaps • record count, financial 
total of the values of items shipped and hash totals of quantities shipped, quantities 
back-ordered, customer’s accounts numbers and stock items numbers The batch of 
the sales orders together with the control slip bearing these batch totals is then forwarded 
to the data processing department for transcription on to punched cards. 



57 


Likewise, the mailroom assembles the daily bath of remittance advices received 
from the customers and compiles the following batch totals for it record count, 
financial total of the amounts remitted and the hash total of the customer aceouit 
numbers. The batch together with the control slip bearing these totals is forwarded to 
the data preparation section. 

We are dealing with only two types of transactions for this application for 
simplification of illustration though in practice there would also be the following 
inputs : 

(i) Addition of new records to the file 

(ii) Credits for sales returns and allowance 
(ill) Account right-offs 

(iv) Changes of addresses and other routine adjustmeni and corrections 



The data preparation section of the data processing department prepares a 
punched card for each item back-ordered, each item shipped and each remittance 
advice on the key punch. The deck of punched cards is then given to the verifier 
operator who verifies the cards by re-entering the transaction data via the verifier 
keyboard. For economics in verification time it may, however, be desired that just 
the critical data fields on the punched cards are verified. 




The deck of punched and verified cards is then sorted ofif-hne on a card sorter 
With the customer account number as the key 

The sorted deck of punched cards consitutes the transaction file which is used 
to update the accounts receivable master file by the accounts receivables update pro- 
gram in a computer run In this run, the customer accounts are updated for the sales 
Typically, the accounts receivable master file contains the following fields 

(i) Customer account number (control field). 

(ii) Customer name and address. 

(ill) Credit rating. 

(iv) Credit limit 

(v) Balance due as of last monthly statement 

The following particulars of each transaction since then 

(i) Transaction type code. 

(ii) Document number. 

(ill) Date 

(iv) Amount 

(v) Current balance 

Incorporated in the program are also the various control checks discussed in 
detail in study III which check the picture, limits etc. of the various data fields. The 
outputs of this run are as follows • — 

(i) The updated A/c receivables master file 

(ii) Delinquent account> list which contains the particulars of those customer 
who have crossed cither the credit limit or the credit rating assigned to 
them 

(in) Invoices m as many copies as desired. It has to be noted that invoices 
would be prepared for only the items shipped. A specimen of the invoice 
IS given below .— 
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XYZ Manufacturing Company 

J5, High Street, Sometown Tx Tel . Invoice No 

INVOICE 


^>. I Customer Order No 


Salesman Code 


Cust Acct No 


Sold to 


ABC Mfg Co 
13, Nehru Road 
Allahabad 


Ship to 


Shipper 


Date Shipped 


Invoice Date 


Terms of Sale 


Item Description Qty 
Code Ordered 


Qty. 

Back- 

Ordered 


Qty. I Unit Total 

Shipped 1 Price Price 


(iv) Daily shipment and back-orders tape The punched cards data is put on 
to magnetic tape for a subsequent speedier resorting by stock item 
number as well as speedier processing against inventory file the discus- 
sion on which would follow. 


(v) Error list and summary information This contains the rejects i e , those 
transactions which could not pass the control checks. These are ultima- 
tely investigated by the user department, rectified and re-submitted to the 
data processing department for reprocessing. The summary information 
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consists of all the batch totals derived by the computer. These batch 
totals are compared with the ones derived manually prior to processing 
and entered into control slips travelling with the batches of the trans- 
actions. 

The accounts receivable file is also processed every month to produce the 
customer statements and aging schedules a specimen of which is shown below. 


Statement 

XYZ Monufacturing Company 

15, High Street 
Sometown 

To 


ABC Limited Date Account No. 

13, Nehru Road 

Allahabad 


1 

Date Invoice 

Number 

Charges 

Credits 


1 

1 

i 

1 

i 



Previous Balance 

Current Account 

Total Amount 


Past Due Amounts 
Over 30 days 
Over 60 days 
Over 90 days... . 


1.3 Inventory processing 

The daily shipment and back-orders tape obtained as an output of a run in 
the previous flowchart is used to update the finished goods master file according to 
the concept of integration discussed at the outset of this part. Since, however, 
the finished goods master file is sequenced by the product stock number as the key, 
the daily shipment and back-orders tape is also sorted in this order. In the daily 
finished goods update run, the sorted daily shipment and back-orders tape constitutes 
the transaction file and by updating finished goods master file produces the following 
outputs • 

(i) Fi/iis/ied goods master J}/e IS updated for the various stock balances in it. 
Back-orders sub-records may also be added. 
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(u) Back-orders and replenishment ordprv lut .f r l , , 

orders list. Backorder means a customer’s order for an item against which goods 
cannot be supplied now but would be supplied as and when they are received from 
the works. 



(ill) Summary information and error list. The summary information consists 
of the various batch totals derived by the computer 1 hese will ultimately be com- 
pared with their counterparts derived manually prior to computer processing. The 
error list would contain erroneous transactions which could not pass the various 
checkr built m the computer program. 

The sorted dally shipment and back orders tape, in consonance with the 
concept of integration, is used in the following flowchart for sales analysis runs. 





1.4 Sales analysis runs 
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« V ^ 

.y rt 



This set of 12 data fields appears against each combination of a product, a customer and a salesman m the sale 
summary master file maintained on magnetic tape For example, these 12 data fields would be there for Ramu (a sales- 
man) who IS selling refrigerators to P (a customer) Likewise, these 12 data fields would be there again for Ramu 
who is selling refrigerators again to Q (another customer), and so on In other words, for each combination of 
a salesman, a product and a customer this set of 12 data fields would be there 



The layout of this file sequenced by the product stock number as the key is pictured below 
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(Contd ) 

(*) PX Air "] Stands for the 1-12 data fields for the Air Coolers being sold to the customer P 
1-12 J by the salesman Y 

(Note : In an actual situation several of these sub-records would be missing e g , if the customer P does not buy 
air coolers the air coolers sub-records against this customer would not be there.) 
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!t IS assumed, however, that to start with the sales summary masier file is 
sequenced by the product stock number and, therefore, it is straightway updated in 
run 1 by the daily shipment and back-orders tape As an output, the sales analysis 
report by product stock number is obtained 

The sales summary master file is then sorted by the salesman number as the 
key and in run 2 a printout of the sales analysis by salesman is obtained. 

The sales summary master file is finally sorted by the customer number as 
the key and in run 3 a printout of the sales analysis by customer is obtained. 
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Fig. 3 

SALES ANALYSIS BY SALESMEN 

Period Ending • August ’79 


Salesman 

Period 

Sales 

% 

Quota 

%Variance 


Actual 

Prior year 

Change 


from quota 

Pannikar 

Natrajan 

This month 
Year to date 

Rs. 

7,500 

60,000 

Rs» 

8,000 

75,000 

-6.25% 

-20% 

8.000 

80 000 

-6 25% 
-25% 


2. Payroll 

The basic purpose of the payroll system is to produce payslips and pay- 
cheques for the employees every month. Towards this purpose, the employees payroll 
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file is fUti against their attendance cards, both being sequenced by the employee 
number The attendance sheet of each employee may include the following data fields ; 


Transaction Code 1 Characters 

Employee No. 6 Ch 

Deptt. No. 2 Ch. 

Job No. 6 Ch. 

No of days worked 2 Ch. 

Special Deductions (Loan, etc.) 6 Ch. 



TIME CARDS 
'm&clllaneous 

TRANSACriONb 


sk , A5?>EI^BLE 
' IN RATCHEZ 




4 


SATCH 

TOTALS 




Jccr-iPARE 
BAlLtt rOTAI5 






PM roll 

transaction 

CAROS, 


CARD TO 
TAPE RUN 




TRANSACTION 

LISTING 


BATCHED 

TRANSACTIONS 



FAtROLL 
transaction 
TAPE 


SORT By 

RUNr2 emploue 

NO INITHN 
DEPTT ■ 



SORTED PAyROLL 

transactions tape 
RUN *5 


ao cauuiml 

PATROLL ( PATROL L- ACC UHIILA 

MASTER V J TO DATE DATA 


DATA 


ERROR 1 1ST 
&SUMMARy 
INEORMATON 




PAypDlL 
TAPE 


Old labour 
Distribution, 
FILE 



5. 


f?UNo5 


NCiN 

ff / — nFAIROlL 
) MASTER 
DATA 


I 

ANNUAL 

RUN 

5 


RUNfT 


CP 


payroll 

reports 


PA/RULl 
HLij SUR 


Ph'iu r 
Run 


RUNkL 


/?UNtf 6 


Min labour 

aSTRIOUTlON 

FILE 


LABOUR 

ANALYSIS 


[P 


CHEQUE 
^EARNING STATENIENT 


Ftg. 4 


I 
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Since each attendance record carries 6+24-6 + 2+6=22 characters it would 
be desired to put three records in one punched card. 

Besides the attendance records the transactions would al'-o include additions, 
dclections and amendments to the payroll file originating from the payroll section 
These are also laid out on the punched cards 

In run # 1, the payroll transaction punched cards are put on magnetic tape 
for subsequent speedier processing Also printed out is the transaction listing for 
control and audit purposes 

In run #2, the payroll transaction file is sorted by the employee number with- 
in departm nt number 

In run # 3, the sorted transaction file is used to update the payroll master (ile 
on magnetic tape The latter has the lollowing typical fields 

hiTiployec Number 
hmployee Name 
Designation 
Department Number 
Job No 
Marildl Status 
Basic Pay 
Type of cost code 

Amount of authorised deduction (several fields) 

Year-to-date earnings total (several fields) 

The type of cost code in the account number indicates the nature ol the 
account to which the employees’ gross pay is charged — direct labour, indirect labour, 
etc 


Gross and net pay are calculated in this run year-to-date and penod-to-datc 
data are accumulated and written on the new payroll master file The data necessary 
for printing the payslips and the paycheques is put on a magnetic tape constituting 
another output ol this run Also, printed are the Error List and Summary Informa- 
tion and the payroll register 

In run # 4, the payroll tape is used to produce payslips and paycheques. 

In run #5, the payroll tape is sorted by job number, which in run # 6 is used 
to update the labour distribution file with a specimen format given below . 


Labour Distribution File on Magnetic Tape 


Job No. Trade 

01 

Value 

Trade 

02 

Value 


Trade 

40 

Trade 

j 

6 Ch. 1 2 Ch 

i 

6Ch 

2 Ch. 

6 Ch. 

• 

2 Ch. 

6 Ch. 


(It can be seen that a maximum of 40 trades could be there for a job). 



67 


The cumulative values of various trades as at the end of the last month are 
updated to as at the end of this month by means of the payroll tape 

The labour Analysis is printed for each job as another output of this run. 

In run # 7 (which is undertaken annually), the payroll master file is used to 
produce annual payroll reports. 

^ APPENDIX I 

tA B. . Combination C ^Students may leave appendices) 

Sorting a Magnetic Tape file online 

Unlike punched cards (which are sorted offline on a card sorter) the magnttic 
tape files are sorted online in connection with the CPU. Sorting, basically, involves 
enormous number of comparisons within the CPU and this matter is discussed in 
Part I. In this section, we shall assume that sorting in the CPU can be carried out 
Because of a large number of comparisons involved sorting consumes a significant 
data processing time and it is therefore recommended by many experts that sorting is 
best avoided But it cannot be obviated in magnetic tape installations where it may 
take as much as 30 to 50 per cent of the total data processing time on the computer. 
Transaction files would invariably be sorted in these installations by the key by which 
the master files to be up-dated by them are arranged If there are several files to be 
up-dated the transaction files would have to be sorted over and again by the key of 
each of these For example, the transactions on customer orders may first be sequen- 
ced by the customer account number as the key to up-date the account receivable 
master file, resorted to up-date the inventory master file and finally resorted again to 
up-date the sales summary master file. One should always be alert to reduce sorting 
time which can be done if the transactions are pre-sorted manually to some extent. 
The clerical routines should therefore be so designed that they encourage pre-sorting 
of the transactions Below we give a very simple example on the classical “two-way 
merge sort” technique. 

There are two steps in sorting the magnetic tape . 

(i) Establishing the initial sorting strings. 

(ii) Merging these strings into a single sequenced string. 

f To explain these two steps let us consider a file holding 16 records with the 

following keys : 

10, 1, 27, 15, 14, 20, 16, 19, 28, 21, 22, 3, 4, 13, 11, 5 , 


I 



Step 1. Establishing the initial sorting strings 


68 



w ♦; S 

j, g rt 


x: 5< 
p« s* 

— TO 

“ ^ d 
1 

2 -3 y 


2 T3 O 

a, c " 

«> d Tf 



CPU Sorted Strings, No , 








69 









Just as the strings of two’s were merged into four’s above the strings of 4’s are merged into strings of eight' 
and put alternately on tapes # 2 and # 3 as below 
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The sort-merge” programs are supplied by the computer manufacturers as a part of the utility 
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APPENDIX II 

Dry Ron and Debugging the Program 

In Study I, wc stated that any program of some scope even \vritten svuh 
great care ,s luely to contam some m, stakes known as bugs m the techn.cal ,"rgon 
There therefore, is a need to remove these mistakes or debug the program Debug- 
ging should start with the review of the flowehart through review of the program 

code and finally testing the program with fictitious data m one or rrore computer 
setups 


Review of the flowchart is also earned out by means of fuitious data and 

as such IS known as ihe diy run since no computer setup is involved. Wc shall take 
up the flowchart of example 5 to elucidate the means to carry out the dry run 
This flowchart is concerned with picking up the highest and the lowest ol three 
quantities. Q 1, Q 2 and Q3 putting them in locutions designated by H and L 
respectively 

The flowchart of fig 5 is reproduced below m fig A except for the deliberate 
mistakes indicated by the crooked arrows in this figure (A) “Yes" and “No” huve 
been interchanged, i e. bugs have been deliberately introduced Now let us see how 
these bugs are detected by means of the dry run. 

We shall try three sets of values for Q 1, Q 2 and Q 3 as below 



Q 1 

Q2 

Q3 


Set 1 

6 

2 

14 

Q 3 > Q 1 > Q 2 

Set 2 

3 

7 

15 

Q 3 > Q 2 > Q 1 

Set 3 

2 

4 

3 

Q 2 > Q 3 > Q 1 


In Fig A the data of the 1st set have been ‘flown’ in the flowchart and it 
flows across the dotted lines in the flowchart Ultimately, we end up with 14 in H 
and 2 in L This is correct since we can sec for ourselves that in the first set 14 is the 
highest and 2 is the lowest. 

In Fig B on p 73 the data of the 2nd set is flown and it flows across the 
dotted lines in this flowchart Again, we end up with the correct result, 15 as the 
highest and 3 as the lowest in H and L respectively 

In Fig C on p 74 the data of the 3rd set is flown Here we end up with 4 in 
H and 3 in L which is wrong since we can sec that 2 is the lowest in the 3rd set 
whereas we are getting 3 as the lowest This arouses our suspicion and we would 
carefully scrutinise the lower portion of the flowchait until we detect the bugs. 

Following this up we shall rectify the flowchart and the program code. 
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Fig. A 


[By means of such dry runs the student may want to verify the flowcharts for 
the exercises he draws]. 

In larger flowcharts with many more branches we shall not be content with 
a mere dry run. We shall actually set up the computer with the given program 
loaded is its memory, input the test data, and compare the results output by the 
computer with the ones computed in longhand. The task of debugging is formidable 
indeed. 
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RESULT H-15 0 k 

E°5 

Fig. B 


In complex programs there may be tens of thousands of different paths 
through the program. It simply is not practical (and may be not even possible) to 
trace through all the different paths during testing Boehm determined for the 
rather simple looking program flowchart of figure D on p 75 that the number of the 
different paths is as astoundingly high as lO^”. He further observed, if we could some* 
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RESULT H=i} 

L-5 

Fig. C 

how check out one path per nanosecond, and if we had started our testing m th 
year I. A D , we would only be about be about half done at the present time ' 

It IS to be noted, however, that removal of the syntax errors diagnose 
by the compiler is not the part of the debugging procedure. The programmer compile 
the test data deck which should contain (I) typical data which will test the general! 
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used program paths ; (2) unusual but valid data which will test the pragram paths 
used to handle exceptions, and (3) incorrect, incomplete or inappropriate data, which 
will test the error handling capabilities of the program 



Fig. D 

The programmer, after the dry run, loads the computer with the program to 
be tested, inputs the test data and obtains the output results which he compares with 
the results derived by him in long hand prior to processing If the program does 
not pass the test, i e , the results do not tally, the programmer may do the following : 

1. Trace through the program, a step at a time at the computer console , 
but this facility is, usually, available with smaller and mini computers only 

2. Call for a trace program run The trace program prints the results of 
execution of each instruction in detail. It is thus comparable to console checking. 
However, less machine time is required. 

3. Call for a storage dump when the program hangs up (i e computer hums) 
1 e obtain a printout of the contents of the primary storage and registers at the time 
of the hangup. The programmer can then study this listing for possible clues to the 
cause of the programming errors. 

However, more bugs may come to notice upon parallel running, which is 
done upon program implementation with live data. 

APPENDIX UI 

Decision Tables and Flowcharting 

Decision table is a table which may accompany a flowchart, defining the 
possible contingencies that may be considered within the program and the appropriate 
course of action for each contigency. 

Decision tables are necessitated by the fact that branches of the flowchart 
multiply at each diamond (comparison symbol) and may easily run into scores and 
even hundreds. If therefore, the programmer attempts to draw the flowchart djrectly 
he IS liable to miss some of the branches. 
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Decision table is divided into four parts (sec the table on p 77) : Condition ^tub 
(which comprehensively hsts the comparisons or questions to be posed in the program). 
Action stub (which comprehensively lists the actions to be taken along the various 
program branches), condition entries (which lists, m its various columns, ths possible 
permutations of answers to the questions in the condition stub) and Action entries 
(which lists, in its columns corresponding to the condition entries, the actions contin- 
gent upon the set of answers to questions of that column). 

Example. Below is given the decision table for wage calculations in an orga- 
nisation. Gross Pay (G.P.) is derived from the Guaranteed Minimum (G.M ) as 
follows : 


GP=1 05 GM when quantity produced, 100 
= 1-15 GM when 120 

= 1.25 GM when Q> 130. 

Also awarded is the quality bonus if a certain level of quality has been attained by 
the worker. However, in case Q> 130 and the worker also attains the aforesaid qua- 
lity level his gross pay GP == 1'25 GM+Quality bonus is subject to an overall maxi- 
mum check which is performed by means of subroutine, SR 2 with the details of 
which we would not concern ourselves for the limited purpose ahead. In the program 
also incorporated is SR 3 which validates the wage no, in a transaction i e , it checks 
if the wage no, is correct Here again we would not be concerned wiih the details 
of this subroutine which are beyond the scope of this discuss’on. The exit from the 
program is made to a subroutine, SR 4 the details of which we ignore This descrip- 
tion has been captured in the first two parts of the decision table below 

Part I contains all the possible questions, 5 in number. 

Part II lists all the possible actions. 

Part III lists the 9 feasible sets of answers. For example, the first set has 
'yes’ to all the 5 questions and the last set has ‘No’ to the first 
question and it by passes the other questions which is noted by dots 
in Its column. 

Part IV indicates, by means of crosses (x) the actions to be taken for each 
set of condition entries. For example, under the set of answers, 1 
(all yes) there are 4 actions to be taken as noted by 4 crosses in the 
action entry column below it. 

The system analyst/programmer will first compile this decision table and 
therefrom draw the flowchart because he can set out the table without any likelihood 
of Ignoring an answer set. In this section, our endeavour is to explain how the flow- 
chart is drawn from a given table. We shall take this table as an example. 
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Pan I 
Questions 


Part 11 


Actions 


Conditions 





Rules 





1 

2 

3 

4 

5 

6 

7 

8 

9 

Valid wage no. ? 

Y 

Y 

Y 

Y 

Y 

Y 

Y 

Y 

N 

Qty. produced > 100 ? 

Y 

Y 

Y 

Y 

Y 

Y 

Y 

Y 


Qty. produced > 120 ? 

Y 

Y 

Y 

Y 

Y 

Y 

Y 



Qty. produced > 130? 

Y 

Y 

N 

N 

. 



. 


Quality bonus ? 

Y 

N 

Y 

N 

Y 

N 

Y 

N 

• 

Gross pay = GM 







X 

X 


GP = 1-05 GM 





X 

X 

. 



GP = 1-15 GM 


* 

X 

X 


, 




GP = 1-25 GM 

X 

X 


. 

. 





Add quality bonus 

X 

* 

X 


X 


X 



do max. check SR. 2 

X 




, 





do invalid wage no. 3 

• 



, 


• 

. 

, 

X 

go to this table 


. 


, 





X 

do deductions calculations 

X 

X 

X 

X 

X 

X 

X 

X 


SR 4 











Part HI 
Sets of 
Answers 


Part IV 
Sets of 
Actions 



FigE 





Is 

In fig E we draw the segment of the flowchart for the answers and actions of 
column I in the table 

In lig F we endeavour to superimpose the segment of column 2 (shown m 
dotted lines in fig F) on fig E. But we see for the question “quality bonus” that 
for both ‘yes’ and ‘no’ to it we tind 

GP = 1 25 G M. 

Obviously then we should first compute 

GP == 1 25 G M 

and then pose this question i e fig F needs modification which has been done in 
fig G. 



Figs. F and G 
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In fig H, we have superimposed the segment for col 3 (in crosses) onto that 
of fig. G and we notice that the question “quafity bonus has to be posed once 
again. 

In this manner, we continue column wise supcnmposition of segments until 
we end up with the hnal flowch irt as in fig 1 below. 

This shows that ths flowchart is drawn by trial and error from the given table 
► and quite a few erasures and rework would be involved ALo when the final liowchart 
has been drawn it can be verified against the given decision table 





Fig. H 


Fig I 
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Exercise 1. Draw the flowchart for the following decision table. 


A/c Receivable Penalty Procedure 

1 

2 

3 

4 

5 

6 

7 

Number days balance overdue 

<30 

<30 

^30 

>30 

^60 

>60 


Number days balance overdue 



<60 

<60 




Unpaid balance < Rs. 200 ? 



Y 

N 

Y 

N 


Last record i 

N 

Y 

N 

N 

N 

N 

1 

Y 

Calculate 2% penalty 

Calculate 3% penalty 



X 

X 


X 


Add penalty to customer A/c 



X 

X 

X 

X 


Write customer statement 



X 

X 

X 

X 


Print warning on statement 

X 

X 



X 

X 


Go to next record 
stop 

X 

X 

X 

X 

X 

X 

X 


Exercise 2. Compile the decission table for the flowchart of figure 40, 
page 50. Also modify the flowchart if the gaps m the keys of the master file are not 
to be filled i e new records can be put only towards the end and not m the gaps 
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Computer is a machine, but a unique one at that. Other machines extend 
human muscles {viz. the car performing the function of human legs) and do some 
physical work. Computer is, however, away apart in this regard It, in contrast, 
amplifies human intellect since it can perform arithmetic at a phenomenal speed in 
particular and symbol manipulation (v;z„ extracting the Works Order data from one 
or more files and embodying it in a printout of the set of Works order copies) As 
such it controls the working of men and machines Since it is a machine it has to 
be acquired on the basis of cosf/benefit analysis as is the case with any other machine 
As we shall see subsequently costs and benefits in its case are spread over a span of * 
quite a few years By applying the DCF technique(s), then, ROI is computed andl^ 
presented to the management so that they can compare it with alternative investment 
ventures and depending upon its ranking they may or may not approve computeri- 
sation. Incidentally, therefore, clerical tasks (elaborated below) and planning and 
control tasks of the management are not to be automated ( i.e., computerised) merely 
for the sake of automation or on such justification that a competitor has brought 
in a computer. The ultimate end here is to produce legitimate information for the 
management at the strategic planning, management control and operational control 
levels from the transaction processing sub-system illustrated in Study 1 by progressive 
summarisation. If this can be accomplished manually more economically computeri- 
sation would be dismissed without any distress except in so far figure growth in the 
business and consequently increase in the data processing volume favours com- 
puterisation. 

Two Parallel Systems in a Manufacturing Organisation 

There is no movement of materials in the manufacturing system and other 
inputs (energy, labour, capital etc ) that is not accompanied by paperwork, some- 
times quite voluminous. Acquiring materials requires floating enquiries and distri- 
buting purchase order. Receiving materials requires preparation of Goods Receipts 
notes, their distribution and subsequent action by inspection, updating by stock 
control of stock records, noting by the buying department for quantity received/ 
rejected, etc Issuance of materials from stores would also be accomplished by Issue 
Notes, Material Requisitions, Work Order copies, job tickets, etc ; movement of a 
batch of components is accomplished by means of job tickets . and so on. Thus 
there are two systems in operation in parallel : Manufacturing System and MIS (with 
the data processing as a sub-system). The latter, in a way, supervises the former. 

However, the intention here is to bring out the fact that paperwork becomes 
very much voluminous and in larger organisations, the transaction frequency being 
high,' It may reach a threshold where manual system finds it difficult and error-prone 
to cope with. Also the nature and volume of paperwork is ultimately determined by 
strategic planning via management control and operational control. If thrust of th^ 
strategic planning is on penetrating new market, marketing reports would hav^ 
to be redesigned and possibly increased in number Likewise, if this thrust is on 
boosting the morale of employees and recruiting first grade workers and managers, 
forms design for the personnel function would assume a great importance. Anyhow, 
whereas paperwork becomes more voluminous and transactions become more frequent 
planning (including forecasting and control) tend to assume more and more complexity. 
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Now, then, the need for the computer is felt because computer can be applied, in 
general wherever human mind is at work, but in particular in business situations 
whenever data processing assumes volume and complexity of a high order. 

But the manual system that is proposed to be computerised had been design- 
ed (or more likely grown haphazardly) to suit the human capabilities and limitations. 
Computer reinforces human intellect m plannmg and control and has ability to now" 
process data at a speed heretofore unimagniable This (together with the following 
few points) requires that the system is overhauled or redesigned to exploit optimally 
the human and computer capabilities and complement limitations of each with the 
- strengths of the other In other words, man and machine abilities have to be 
harmonised. A analogy in this regard would clarify the point Just as the car requires 
a metalled road with smooth turns and is liable to accidents on a kacha (unmetalled) 
road where heretofore bullockcarts were driven. Similarly computer requires a 
system (MIS) designed with its capabilities and limitations specifically in view ; other- 
wise, It may lead to disastrous results if used for systems based on human capabilities 
and limitations The need for systems overhaul and convincing the users to accept 
new system is further emphasized by the following abilities and inabilities of the 
computer vis-a-vis human being. 

Computer is integrative in nature. It can, for example, perform sales order 
vetting, credit appraisal, stock updating, placement of orders (on vendors or works), 
machine loading and scheduling at one stroke m a matter of moments. As a con- 
sequence, It cuts across departmental jurisdictions that are created to make up for 
human limitation to perform so much m one stroke. Human beings divide such work 
into bits, specialise in these bits create departments for such specialisations, then 
require co-ordination and expediting, employ ledgers or files that may carry much of 
the same data (viz customer A/c No. appearing in customer master file, A/c receiva- 
bles file, stock ledger, etc.) which is both time-consuming and liable to be 
discrepant. The integrative ability of the computer, therefore, has a few implications 
set out below. 

(a) It weakens the departmental jurisdictions. Therefore, it can perturb 
the managers used to working m water tight compartments. Because of this and other 
reasons as well the manager may dread computerisation. In many organisation, the 
bureaucratic manager has cultivated patterns of hiding, manipulating and covering 
up formation and he fears being exposed upon computerisation. For example, the 
production manager would not have time to avoid shortfalls and mvent/discover 
reasons for shortfalls for defending himself since his boss would have got the infor- 
mation about this by the realtime access from terminals before even him, which m 
manual system, he or his staff would prepare (and occasionally cook e.g , Work 
managers do sometimes add up to production figures the goods finished but not yet 
\ inspected and okeyed). The computer is surrounded with mystenousness because 
of the “hidden” data m the magnetic media. Also, the manager must have heard 
stories (a couple of which would be narrated later) of failure of many a computer 
effort. Quite a few manager are rather orthodox about their own style of managing, 
and if any technique comes along which is incompatible with that style it will largely 
be Ignored or resisted. The manager also does not approve the “uppishness” of 
the “youngish” computer staff. Much of the decision-making will now be done by 
the computer that seems to “reduce” the importance of the manager and the pride 
he takes in his job. He is liable to feel that he is merely a cog for supervising pre- 
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paring the data for the computer. This, however, is misfounded notion. If the 
student at this stage goes through "Programmed and non-programmed decision- 
making*’ in SADP Study YIll or MICS Study V he would notice that much of 
programmed decisioii-making ought to be entrusted to the computer to enable the 
operating manager to concentrate his expertise, judgement, intuition and time on 
ill-structured, one-shot non-programmable decisions 

Likewise, the non-supervisory employees may resist change because they will, 
as they think, (i) lose their jobs or be downgraded in relation to the computer pro- 
fessionals (h) transferred away 0/7) be unable to acclimatise themselves with the 
computer environment, and (iv) lose the status and prestige. The management can 
take the following actions to avert resistance on the part of the managers and other 
employees at large : 

(/) Keep employees abreast of effects of the change in their jobs, viz., the 
impending redundancies and measures to mitigate these by transfers, absorption in 
the d.p. deptt , not filling new posts, etc. 

(//) Encourage the employees to participate in the systems effort. This gives 
them a sense of making a success of what they themselves largely developed. 

{Hi) Make manager’s ability to handle change an impoitant criteria of rewards 
or punishment. 

(iv) The various scheduled deadlines for computerisation should be flexible 
rather than rigid The employees should be given enough time to absorb one change 
before another is implemented. 

(v) Educate the employees by means of seminars, bulletins, lectures, etc. 

(v/) Co-ordination with vendors and customers so that formats of the inputs 
documents from them and output documents to them are agreed upon. This is with 
the view to win the sympathy of the customers and vendors, who arc an important 
party here, to accept proposed computerisation. 

{b) The integrative ability of the computer offers the possibility of a data base 
or a data bank that stores the data in the most compact and comprehensive form. 
This obviates discrepancies inherent with the manual systems. This also offers the 
possibility of aggregation of data, experimentation with data in various ways As an 
example of aggregation of data numerous sales analysis can be conducted by products, 
customers, territories, salesmen, kinds of package, brands, terms of payment, profit, 
revenue, etc , and combinations thereof. It is incidentally not the suggestion that so 
many analyses should be performed liy each and every organisation A small organi- 
sation without much substantial sales activity may require just a few of these. In 
Ackoff’s opinion, for example, the present day manager suffers more from overload 
of information rather than its paucity. However, a large organisation dealing 
m consumer goods with widespread market can avail of this ability of multi- 
aggregation. As an example of experimentation, the manager can pose such "what 



if** question as ; what happens if the advertising budget is slashed by 5% The 
computer provides the consequences or answer over which the manager may ponder 
and. perhaps, realise 5% is far too much and then pose another question on slashing 
the budget by 2%. The computer according to the appropriate stored program 
would yield the consequences of this as a printout or on the CkT. Thus the manager 
(human being) and the computer (machine) interact in doing planning, the human 
being exercising his judgement and the computer doing the “dirty” calculation work. 
This way man and machine iterate down to the most satisfactory solution This is how 
human machine capabilities arc harmonised or hnely blended. [As another example, 
provided the student has gone through Hertz’s simulation model m OR Study VI, 
the manager may want to know the NPV internal rate distributions for some specified 
increase/decrcase in the selling price, etc ] 

Also, the data base pools together all the data, otherwise maintained depart- 
ment-wise, comprehensively and most efficiently for retrieval The complete 
directory of data circulated by the data base administrator is a wealth for the 
planner, forecaster, modeller, and manager who can discharge their functions much 
more efficiently by means of experimentation with total data since, for example, the 
production function is not restricted merely to its own data but can retrieve pertinent 
data of other functions They can probe for data, items, compare data, analyse, test 
for various conditions, evaluate, execute statistical calculations and provide answers 
to many “what if” questions. 

(c) The phenomenal speed of the computer enables the manager to use 
mathematical models for forecasting and planning instead of hunches, guesses and 
rules of thumb he employed m manual systems However, again, it is not a sugges- 
tion that mathematical models are always superior. This should be evident from OR 
Study I where many difficulties associated with the E.O.Q models are given as an 
example. Nevertheless, the computer does offer the possibility of their use and 
where feasible, which is usually the case in larger organisations, they can be used to 
great advantage The student may also refer to SADP Study VII or MISC Study V 
for the uses of computer. 

(d) Computer has its limitations, one of these is that it lacks human judge- 
ment as cited in previous Study in the case of a washer which was inadvertently 
priced at Rs. 50 instead of the correct price of 50 N P 1 his can be circumvented by 
incorporating what are known as software checks discussed m detail in a subsequent 
section. 


(e) Computer works strictly and pedantically according to what was pro- 
grammed into It. The MIS that is evolved for it, therelore, has to be written down 
with scientific precision and to the minutest detail that is embodied in what is known 
as the Systems Manual or the Specification Manual. 

Systems design then forms the basis of this study note. Each organisation 
has its own peculiarities and it is usually not advisable to graft the existing design of 
one organisation onto another In fact, the systems analysts and designers should 
be cautious in overplaying their experience. It is rather a exhaustive task, no doubt, 
to carry out the systems design for an organisation, it is expensive, time-consuming 
and requires a great deal of expertise. The computer circles have been watching 



with dismay exorbitantly high costs of systems development in contrast to the steadily 
diminishing costs ol the hardware This trend, it appears would continue All that 
one can do is to account for the systems design expenses in the cost-benefit analysis. 
Without proper study and design of the system, the computer can prove a real beast. 
A great deal of investment, and morale, may go down the drain. 

It is also to be noted that systems analysis, though expensive, is a blessing in 
disguise. Companies spend millions on research and development of products but 
the managements may perhaps increase their effectiveness in a far more telling 
manner by a sustained study of themselves. The faculties of planning, forecasting, 
control, modelling as well as systems and procedures can surely be improved 
spectacularly if only managements subjected themselves to scrutiny by systems 
analysis. With much less expenditure than on R & D of products the return on 
investment in terms of profitability and competitive strength may well prove pheno- 
menal. Systems analysis is thus applicable to management’s own bailwick It is 
also an open secret that many of the benefits of computerisation do not owe their 
origin to the computer itself but the systems analysis studies preceding its installation. 

The need for systems development may arise from, (/) expansion of the busi- 
ness, (//) the management being forced to undertake systems development in response 
to such market developments as a competitor announcing dramatic cuts in delivery 
times. Besides, such questions as, “Is our equipment outmoded”? Or “Does our 
product design need simplification”?. Management may want to know if it is possi- 
ble to shorten delivery times by improvements m the information systems, (in ) the 
system maintenance activity may call for design of some of the information systems 
and finally, (iv) the following symptoms in a manufacturing organisation (Ref. Infor- 
mation System Design.by D.I Scheraga) : 

1. A high ratio of indirect to direct manufacturing costs. 

2. Poor delivery performance relative to promise made. 

3. Frequent stockouts at all levels of inventory. 

4. No statistical techniques used in inventory control and sales. 

5. Frequent changes to short-range sales forecasts. 

6. Excessive raw and work in process inventories. 

7. Long manufacturing cycle relative to the sum of setup and processing 
times. 

8. Much obvious paperwork. 

9. Long response time to inquiries on order and inventory status, or poor 
quality of status information. 

10. Frequent schedule changes. 

11. Low degree of component standardisation between products. 

12. Unsatisfactory labour and machine utilisation. 





13. Excessive confusion and stock obsolescence resulting from engineering 
changes. 

14. Poor or non-existent labour standards 

15. Excessive overtime. 

16. Low inventory turnover. 

MIS Development is a fairly comprehensive activity and is earned out in the 
. following 6 phases [We shall use MIS development, systems development, systems 
• overhaul. Systems Analysis, Systems Design and Systems Analysis Design all 
[synonymously though the individual phase IV below is also known as Systems 
Analysis and Design in itself ]. 

1. Area Selection 

II. Overall Analysis, Gross Design and Feasibility study 

III Master Development Plan 

IV. Systems Analysis & Design 

V. Systems Implementation 

VI. Systems Maintenance or Audit. 

Systems development should be viewed as a continuous iterative process that 
recycles through each stage until a system is discarded. Further, almost all the stages 
overlap each other. 

Systems Development, Stage I— AREA SELECTION. 

The main factor m determining the success of a computer installation is the 
right choice of applications along with the skill of their development and implemen- 
tation. Most computer installations are unprofitable because they are doing what is 
easiest to implement, as opposed to what is most profitable, doing what is most obvious 
and follow the line of least resistant. Too often applications arc chosen and pro- 
grammed without adequate study and without understanding the management 
principles. This invariable leads to disaster. Thus selection of right kind of application 
IS of utmost importance for the success of any installation. 

The following applications are generally prospective for computerisation. 

(a) Applications to large-cost areas 

Accounting and administrative areas are generally low cost areas and savings 
. in computerising such bread and butter applications as payroll or inventory account- 
^ mg may not substantially decrease the costs. Thus a 10% saving m administrative 
'tcost may be insignificant as compared to even a 0 1% saving in the cost of materials, 
'fiut It IS unfortunately a historical accident that computer in the past m’<m applied 
to accounting applications One of the reason for this being that the accountant 
knew what he wanted from the new system. His applications worked well in pre- 
computer days and it was a simple matter to computerise these since hardly any 
effort is needed in redesigning them. They can virtually be put on the computer the 
Way they worked in tnanual systems. And this is almost a principle in computeri- 
sation that applications that work well in manual systems will fetch iittl? benefits. Iq 



contrast, things were just otherwise with production and inventory control. Produc- 
tion and inventory control is required to monitor stocks of thousands of items and 
thousands of operations and control hundreds ol men machines and tools amidst a 
highly volatile internal environment of machine breakdowns, tool breakage, scrapp- 
age, losses, absenteeism, late deliveries by vendors, changes m due delivery dates by 
customers, engineering changes prompted from within and so on. It has been a 
chronic problem with manual systems and it is a fact that it was virtually impossible 
with manual capabilities of data processing and re-processing. It was ill-managed 
even in moderate size organisations. The near-astronomical complexity of the pro- 
blem left the production controller wondering what to expect from the computer 
which can assist the management in really managing men, machines and inventory, 4 
In manufacturing situations usually, according to an authority, the payoffs are lucra- 
tive. Material Requirements Planning that is far superior to traditional production 
and inventory control techniques works across the complex product-structures and 
requires massive data processing every week, and even continuously indeed, making 
computer a necessary adjunct. 


Transportalion IS another large expense for certain kinds of companies. ]f 
the same product is produced in a number of factories, an optimisation programme 
can determine the quantity of each product to be produced in each lactory and 
transported to individual warehouses. The location of the warehouses can also be 
examined to minimise the total transportation cost from factory to warehouse and 
transported to individual warehouses. The location of the warehouses can also be 
from warehouse to stockists or customers. Such a system can easily yield savings upto 
10% of the total transportation cost. 

(b) Applications to “Main Line” Functions 

Above we made a general statement that production and inventory control 
IS usually a lucrative area for computerisation, but this would not always hold good. 
Consider, for example, a company that has few equipment of its own and is mainly 
engaged in assembling of procured components. In this case, then buying is the mam 
line function highly prospective for computerisation Vendors can be periodically 
rated for quality delivery time and prices of their supplies This would lead to the 
right selection of the vendor for a given order. In a consumer industry with hund- 
reds of saleables, marketing is the mainline function and in a speciality manufacturing 
company R & D is the main-line function This concept is similar to the principle of 
applying the computer to the largest cost area, except that sometimes the most 
important area may not be the most expensive 

‘A paint manufacturing company had an unprofitable computer effort for ' 
quite some time before they tried the mam- line approach A computer system was 
developed to prepare an optimum production plan based on stockists’ projected 
requirements, raw material availability and machine capacity. The system took a 
couple of years to program and implement, but produced a 10% increase in profit- 
ability, paying for computer costs many times over’. 

Similarly the marketing division of the Indian Oil Corporation has a savings 
potential of a few crores of rupees per annum from a computer systems applied to 
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calculate the optimal distribution pattern of oil products from its refineries and to 
schedule its tank-trucks. 


(c) Things not otherwise done 

One of the interesting factors about computers is the fact that some of the most 
profitable applications come from analyses and systems that are not possible without 
them. 


Thus, the obvious applications —the automation of clerical tasks are not the 
most profitable It takes considerable study and expertise to determine the really 
profitable applications where the computer works to assist the thougth processes of 
managers. These arc briefly discussed below : 

(i) Manually uneconomic systems : Computer application to “new” systems 
can be classified into systems that are manually uneconomic and those that arc 
manually impossible. An example of the former would be detailed costing systems. 
Many companies still do not have costing systems The cost of preparing the 
data and keeping it up to date is an important cause of this is lack ot management 
awareness. Even where manual costing system exists, costs are ascertained in a 
few standard ways, not nearly as detailed as would be required for good management 
dccision-making. Often, situations arise where special cost figures are required 
and since the costing system is not geared to these, they have to be laboriously 
compiled resulting in extra cost, delays and, in extreme cases, non-ava liability. 

A computerised costing system can retain the bieak-up of costs m many 
varied ways even if these are required only raiely. More important, it can keep all 
corporate data in a set of generalised files which can be queried at short notice to 
answer any question relating to costs. This “data bank” concept of storing all rele- 
vant information in a selectively retneveabJe form to answer occasional queries is 
made possible by the powerful and inexpensive data storage and retrical capability 
of the disc packs A storehouse full of old office files is also a data bank, but one 
that is very difficult and expensive to work with 

Other examples of systems curtailed due to labour costs are “Accounts 
Receivable” and “Material, Ordering”. In most companies the follow-up on out- 
standing accounts inadequate, reminders are late and too few. A thorough system of 
screening outstanding accounts and sending reminders of increasing seventy to de- 
faulters is made possible by inexpensive computer processing Such system can 
have a dramatic impact on outstanding. 

Similarly, it is difficult to keep track of the stock of each individual item in 
the inventories of a company in manual systems. Usually, ordering is too infrequent. 
Merely by making these functions cheaper and providing a system that carries them 
out routinely, inexorably, and with no chance of forgetting the computer improves 
the situation and leads to substantial savings. Decreases in inventory holdings of 
upto 25 % are not uncommon after the introduction of a computer system. 

Note that in such cases the computer system is not replacing a manual system 
but considerably increasing its capability and its power. No staff surpluses arc 
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treated ; indeed sometiittes even a few new hands may be required ; but the maha^e* 
ment benefits from the system are much larger than the expenditure on it. 

(n) Manually impossible systems As an example of analysis impossible to 
perform without a computer, consider the simplified case of a toiletries manu- 
facturing company with four factories around the 'country. With a few exceptions, 
each factory is equipped to make almost all of the company’s ten products. Varia- 
ble costs of production differ somewhat at each factory owing to variation in the local 
prices of raw materials. The factories supply goods to 20 warehouses covering the 
entire country. 

The problem to be solved every month is the quantity of each product to be 
produced at each factory and the quantity of each product to be shipped to each 
warehouse so that the cost of transportation and the total variable cost of production 
IS minimised This is an extension of the transportation problem (discussed more 
tully in OR Study III and MlCS Study IV) which only minimises the cost of trans- 
portation. No doubt a solution to this pcoblems can be arrived at manually and 
many companies have and do run without the benefits of computer system. The 
management may even examine a few alternatives to try to decrease the cost, but it 
IS very difiScult to arrive at the optimal solution that minimises the total cost. Indeed 
a search for the optimum solution would involve the evaluation of a very large 
number of alternatives, a task that would defeat any office staff, however, large. On 
the computer such a system would take some time to implement ; but the monthly 
optimization would lake only a few minutes Since the generation and evaluation 
of the alternatives and the search procedures arc all standardized sets of simple 
anthmetic operations, the computer zips through them m an infinitesimal fraction of 
the time and cost it would take an army of clerks. In addition, the company has a 
model of the process on which it can test alternative corporate strategies and evaluate 
their implications on profitability on an integrated, comprehensive basis. A number 
of such systems, incorporating a large number of alternatives, are in use by the 
international oil companies as planning models. 

Construction companies usually have to level a plot of land before they can 
start building. The cost of levelling can vary significantly with the strategy adopted 
for the redistribution of earth. Again, a large number of alternatives arc possible. 
While any contractor can work out a plan for levelling the land the computer can 
examine all alternatives and work out of the cheapest method and save a great deal 
of money. 

Another problem that falls into this category of system is truck or tanker 
routing system. A company having a fixed fleet of earners is faced with the problem 
of getting the maximum utilisation from or, alternatively, meeting all commitments 
at the minimum cost, A computer system supplied with the routes, requirements, 
costs and other constraints, can consideiably improve schedules and save a large 
fraction of the operating expenses. Again, manual working is possible but at the 
cost of operating much below optimal efficiency. 

What kinds of applications are profitable : This is a common question, but 
its answer is complicated by the vaiieties of possible applications and the varied 
needs of organisations. What seems to make the difference apparently is whether or 
BPt an application improves the qiulity of the management systems it impinges on, 
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The import int benefits of the computer come from its ability to improve decision- 
making Either it can make the decisions according to clearly specified impersonal 
rules, ID which case its consistency itself is an improvement over human decision- 
gaakers. or it can supply the data required, pre-processed to whatever degree possible, 
to form the basis for human decision-making It is this improvement of the mana- 
gement process , this ability to control operations and perform analysis not possible 
before that produces the true and substantial payoff’s from the computer But better 
data for quicker and mere scientific dccision-making is not enough The outputs 
produced by the computer have also to be integrated into the corporate management 
process. The managers have to understand the outputs and use them and have a 
clear ideas not only on how the reports aie produced, but also what their assump- 
tions arc and what else the computer could produce. 

Of increasing importance are integrated systems that take many different 
kinds of information and integrate them to produce comprehensive reports for 
management, each piece of data being correlated in all outputs where it is can be 
useful. 


Viewed in this way, the mechanization of even some routine manual systems 
can be profitable. A financial accounting system can pay its way by producing 
profits and loss figures soon after the close of every month The promptly produced 
data can be used by management to control and improve instead of merely serving 
as a late post-mortem. Similarly, a payroll system can provide figures for efficiency 
and productivity calculations. 

Consider the matter another way. A control system that monitors outstand- 
ing. payments, say, in a hire purchase company, is a rewarding application. When 
such a system is implemented, it is found hat the data for the control system can, 
with a few addition, be used to produce the accounting statements as well. In this 
case, the accounting system can be justified by the control system. In a number of 
cases, an important application will give rise to offshoots ; other applications that 
may be implemented with a minimum of additional data They may not be profita- 
ble in themselves but the incremental cost being small, it can be easily covered by 
the additional benefits. 

Another situation in which the mechanization of manual system may be 
justified IS when they serve to build up a data base on which more sophisticated 
optimization systems can be built. All operations research models require cost data 
and unless this has been carefully collected, sorted and compiled, optimiziation will 
not be possible. Thus, a good costing system is a must for almost all corporate com- 
puter efforts. Similary, other simple administrative systems may be justified not 
for what they are but for what they can support on their shoulders. 

Scientific and Engineering npplications : Scientific and engineering appli- 
cations are usually easier to implement than management applications as they do not 
necessitate changes in the human systems around them. For organisations involved 
in research, prodbet development of any kind of engineering, computers can provide 
very valuable assistance to the technical staff and make important contribution to 
cutting product cost and improving performance. 



tn competitive markets, it is not adequate to produce a good product. The 
product design must be optimized to be the best possible under the external 
constraints of cost and function. Optimization in engineering, as in management, is 
difficult and time-consuming. Many calculations are required , thousands ol alter- 
natives must be examined. This is best done by a computer. In chemical industries, 
optimum reactor design have saved millions. 

Other programs can assist the design engineer by merely doing his routine 
computations for him An architect, for example, or a structural engineer can 
examine many more alternatives if the routine calculations are done rapidly and 
conveniently on the computer. For the electronic circuit designer, a number of pro- 
grams exist to simulate the operation of different circuit configurations under varied 
conditions This relieves him of the burden of actually building and testing many 
prototype models. 

These are only a few simple examples of what the computer can do for the 
engineer and the scientist Many other applications of greater sophistication exist 
such as numerically controlled machine tools, that can be programmed to perform 
complex operations automatically and automatic warehouses that store and retrieve 
labelled packages without human help. These are often “main-line” applications 
and their potential should be examined in detail in the light of the individual stances 
of each company. 


Systems Development, Stage II 

OVERALL ANALYSIS, GROSS DESIGN & FEASIBILITY STUDY 
Earlier, we discussed area selection in general i e., the aforesaid considera- 
tions would apply to ail organisations proposed to be computerised. The purpose 
of the overall analysts is (i) to establish rapport between the computer professionals 
(known as systems analysts) on the one hand and the managers, supervisors and 
employees on the other, (ii) to enable the systems analysts (or analysts more briefly) 
to earmark weak spots and (lu) to familiarise the analysts with the organisation to 
enable them to evolve gross design subsequently. 

There are 3 methods of carrying out the overall systems analysis study. 
In the survey method, the existing system is studied in depth by means of interviews, 
questionnaries and observations which leads to compilation of a large number of 
flow-charts m minute detail and massive documentation This is all with the 
intention of spotting weakness in the existing procedures and methods and 
earmarking the areas for improvement. But the executives for whom the flowcharts 
and documentation are meant may find it both time consuming and distasteful to 
plod through details. More seriously this study is likely to cohur to bias both the 
executives and systems analysts to think in terms of the existing ways which are 
suited to human abilities and naturally ignore the computer capabilities and limita- 
tions For example, the computer, because of its phenomenal speed, can utilise 
sophisticated OR models for forecasting, planning and control whereas manual 
systems depend upon mere guesses, estimates and hunches in this regard. To avoid 
this bias, therefore, it is argued that no time need be wasted in studying the existing 
system. 
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The second method viz Questionnaires Method consists of asking the executives 
what information they require for forecasting, planning and control from the proposed 
system. The drawback of this method is that, not unusually, executives do not really 
know what they expect from the new system and, if even they knew what they want 
It may not be what they actually need For example, the Works Manager may insist 
upon ‘ scientifically” computed reorder levels and safely stocks wheieas computer can 
plan and control inventories far more efficiently by the recent technique of Material 
Requirements Planning. 

The 3rd method, viz Observation Method which is the best, consists of deter- 
mining the information needs of the business The systems analyst gels the organisa- 
tional objectives from the top management and derives the Management Information 
System objectives therefrom. For example, if an organisation is planning to divert 
much of us output abroad then sales and shipping procedures would have to be 
redesigned This method enables the executives and systems analysts to think in terms 
of not only the present information needs but also the future needs of the company. 
But dismissing tne existing system altogether from mind is not advisable Fust, a 
limited investigation of the existing system can bring out the strengths anu weaknesses 
of the organisation (including the managers and other personnel at large) Second, 
minor details and procedures, which otherwise are likely to be overlooked, can be 
ensured, m the proposed system. 

Gross Design : An analogy on engineering design may be quite useful here. 
A new racing car is to be built Two teams of engineers are assigned this work. 
One team comes up with a 3-wheeled car design with the engine in the rear and 
with the specified width, breadth and height eic. The other team proposes a 
4-wheeled car with the engine in the front and with specified dimensions again. 
Both the designs are created to meet such objectives as speed, range, maneouvera- 
bility etc These, then, are the alternative designs The systems analysts also 
conceives such overall or gross design alternatives to start with. Consider a company 
with a manufacturing unit and a head office with several branch warehouses 
scattered all over the region. The systems analyst may propose such gross designs 
as follows . 


1. All the customer orders will be received centrally, credit appraisal too 
will be conducted centrally by the computer, perpetual inventory records 
will be maintained centrally and aggregate forecasts for all the ware- 
houses would also be undertaken centrally and the customer orders will 
be passed on to the nearest warehouse. 

2. Each warehouse prepares its own forecast and transmits it to the head 
office, and maintains its own inventoiy records. 

These, then, are tne MIS gross design alternatives Several more alternatives 
could be conceived. The.se have to be evaluated against such criteria as costs, 
flexibility, practicability, etc. Occassionally, none of the alicrnativcs may be found 
satisfactory against these criteria m which case more alternatives would have to be 
conceived. 

Now the detailed engineering design, say for the 4-wheeled car above, would 
consist of specification in the form of drawings and specification reports for system 
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M a whole and for all components in the system. The mathematical analyses and 
test reports, too, may be appended. The detail should be fine enough to enable 
shop floor production of the car. Likewise, for the MIS design the input/output/file 
layouts, information requirements tables, flowcharts, decision tables and other such 
documentation (discussed in Section IV) constitute the MIS design specifications 
which are nccessaiy for program production to proceed smoothly. 

Feasibility study is then undertaken. Feasibility of the proposed system 
development projects may be viewed from three angles : technical, operational and 
economic Technical Feasibility is concerned with whether the systems proposed for 
development can be computerised. The hardware developments are so fantastic 
that there is hardly any business job that cannot be computerised. In fact the 
hardware being mirketed IS far too sophisticated for business applications. This has 
changed the emphasis in technical feasibTity from whether to /lovv to computerise. 
This calls for a look on the software and brainware (computer experts) rather than 
the hardware The organisation then needs to know if there are people within the 
organisation or (in consultancy firms) who can computerise the proposed projects. 
Operational feasibility focusses on the willingness and ability of the management, 
employees, customers and suppliers etc., of an organisation to operate use, and 
support a proposed system. 

Eco<tomic feasibility is basically cost benefit analysis of the proposed system 
development and is usually decisive in undertaking or not undertaking the develop- 
ment. It is relatively easier to measure costs than benefits which are usually 
intangible and. therefore, hard to quantity. The costs may be decomposed into the 
major components which can then be further split as below : 

Start up Costs 

— salaries of the system analyst and programmers during system develop- 
ment. 

— Cost of conversion and preparation of data files and systems manual and 
other supportive documents. 

— cost of the new or additional computer hardware. 

— cost of training employees. 

Operating costs 

— hardware/software renal or depreciation charges. 

— salaries of the operating staff. 

— salaries of the maintenance staff. 

— cost of input data preparation. 

— cost of D.P. supplies. 
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— installation maintenance costs. 

— Overhead charges of the business firm. 

There are als3 intangible costs, viz , those of disruption of the business during 
systems development. ® 

Benefits would include : 

(/) Direct savings— 

cost of equipment replaced 
reduction m clerical stafif 
reduction in accommodation costs 
reduced overtime charges, 
reduced communication charges. 

(il) Better management information 

(Hi) Better planning 

(iv) Improved computational and data experimentation ability. 

(v) Improved competitive position i.e., better and faster response to com- 
petitor’s action. 

(iv) Improved employee’s morale. 


Intangible though it is, nevertheless, it is important to put a rupee and paise 
tag to each benefit for purposes of profit and loss statement which can be done with 
diligence on the part of the operating managers. The operating manager has a 
homework to do here. The analyst can estimate for him the proportion of time 
the computer would save for the chief Buyer, for example, by taking over his 
routine tasks and programmable decision-making It is now for the chief buyers 
to deliberate and come out with how best to utilise this time He can. for example, 
undertake more extensive sourcing, spmd more time on negotiations, participate 
more heavily in the value analysis effort and so on ; therefore it is he who has to 
quantify the benefits there from in monetary terms This has the dual advantage 
that subsequently during systems audit his performance can be appraised i e , to 
what extent the payoffs he anticipated were actually realised upon computerisation. 
However, it must be mentioned in passing that not all benefits are so hard to 
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quantify. A computerised payroll system, for example, would likely displace some 
clerks and it is easy enough to measure benefits in the case. 


System Development, Stage III— MASTER DEVELOPMENT PLAN 

Master Development Plan basically is a schedule of various applications to 
be computerised / e start and finish dates of systems analysis, design, implementa- 
tion and maintenance activities for each application. Because of independencies 
amongst applications this planning (and the associated physical and cost control) is 
best done by the network (CPM/PERT) techniques. However, the application 
scheduled has to be supported by manpower, hardware and financial schedules All 
the schedules, however, would ultimately be influenced by the organisational objec- 
tives v/« MIS objectives It is usual not to take a big leap forward m computeri- 
sation I e , it IS not desirable to switch over from a manual system to an advanced 
system at once Usually, start is made with batch processing, then later the files are 
knit into a data base to permit random inquiries, this would be followed by building 
models and the model base for operational control, management control and strate- 
gic planning in this order This matter is dealt with more fully in a subsequent sec- 
tion on “Bottom up approach”. Thus the aforesaid schedules may run quite a few 
years into the future and their periodic revision is naturally essential m consonance 
with the actual progress and the fact that the world does not stand still while MIS 
implementation is going on. We shall soon take up this topic in more detail but 
prior to that it must be brought to the notice of the student that often m the past 
computerisation had been done without any such pre-planning and the consequences 
were naturally disappointing or occasionally even disastrous. 

Another allied point is that the managements often tended to keep themselves 
aloof from the computerisation project thinking implicitly that it is susceptible to a 
purely technical solution in the way of installing air-conditioring equipment for 
which engineers/technicians of the service organisation come and do the entire job 
on their own without at all bothering the management except with the bill But 
unfortunately this is not so with computerisation. It encompasses and pervades m 
the entire MIS and the management’s involvement, in view of their knowledge 
about the future goals, growth and direction of the company as also the technical 
expertise of the operating managers who alone can best spell out their information 
needs, is of utmost importance. There is a case in the literature of a European 
team of top executives of a company manufacturing motors visited the US to 
consult the IBVf experts for the proposed computerisation of their MIS. The 
experts naturally advised the team to involve themselves fully in the systems 
development effort. But the chief of the team thus countered the useful advice 
out of Ignorance, “We are m the business of making motors, not programming and 
installing computers ” This man mistakenly thinks that the computer can be 
installed by systems analysts and programmers without bothering his operating 
managers who are far too busy in their operating problems The statement is 
pernicious since it looks so logical on the face. A layman will readily tend to agree 
with him why he and his deputies should divert their attention from their routine 
to computer technicalities. But as already emphasized it is far from truth. 
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THctc yet another pase in the computerisation folklore. A company 
intended to computerise its commercial applications. The Vice-President of 
Engineering had his own giant slide-rule type computer suited to his engineering 
computations. Having heard stones of many a failure of computerisation of 
commercial application he thought it fit to keep himself aloof lest his own depart- 
ment’s work IS fouled up as he thought. Thus commercial computerisation 
proceeded without his participation and it did collapse ultimately. The Vice- 
Kesident congratulated himself for his “far-sightedness”. But the real reason for 
the failure was his non-participaiion. He did not allow anyone to modify the Bills 
of material hie, which is the most basic to almost all functions as we shall see 
j|^ several pages later. 

The importance of management involvement in planning and control of 
information systems development was brought out convincingly m a survey of 
computeriacd organisation undertaken by the U S. consultancy film, Mickinsey 
and Company in 1968 . The sample companies were divided into two categories : 
successful and unsuccessful with regard to computerisation Planning and auditing 
of the E D P activities were pinned down as the major factors for success or failure 
of the system. The result of this survey are summarised below . 


More Successful Less Successful 


Companies that plan E.D.P. 

activities and audit results against 

plans. 9 3 

Companies that plan E.D.P. but 

do not audit results. 7 3 

Companies that neither plan E.D.P. 

nor audit results. 2 12 

Thus the right course for the top management m this regard is to constitute 
a steering committee that draws its members from the departments being computeris- 
ed and systems analyst (from within or without) to supervise systems development. 
This would synthesise or blend the business expertise and insights of the former with 
the technical expertise of the latter. Ideally, the operating manager himself should 
jom the committee or at least he should be represented by his ablest lieutenant. He 
•c cannot immerse himself in the daily routine of petty operating problems when his 
‘ j future (information system) is gorng to be decided and redesigned. Participation of 
the operating managers also motivate them to make success of the system v/hi^ they 
themselves created as otherwise they would resist it on the pretext of NIH (Not 
Invented Here). And in no case, the upper hand in MIS overhaul should be given to 
the technical personnel, the systems analysts. If so they are liable to give a system 
which they participated m for some other organisation / e , invent a square wheel 
since each organisation has its own peculiarities and is unique. They are also liable 
to pursue technical elegance for the sake of elegance. They may design a highly 
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6ophi(ticated (and therefore expensive) data base which, in fact, is not needed. As 
often-repeated the ultimate end is legitimate information. If it can be had without an 
advanced data base no real need for it then. 

'Need for the Master Development Plan 

Since the late sixties the idea of the total system has been envisioned by 
several computer experts It implies that not only the obvious and suitable jobs 
would be automated but even the unrelated individual procedures, / e., the entire 
business would be treated as one automated unit. Both the information generators 
(field sales officers, shop floor personnel, quality control etc ) and the information 
recipients (suppliers, customers, management control, personnel, etc.) would have 
on line linkage with the central processor. This has also the ultimate possibility of 
integration starting from the supplier through the organisation to the customers, i.e , 
computers of the three talking to each other directly. This would mean standardisa- 
tion of firms’ documents and message formats. Except for the hard copy exception 
reports the system would approach the ideal of paperlessness. The computer system 
would then serve as follows : 

(i) Universal Data Base that would store all product specifications, operating 
records and financial records. 

(if) Universal Data Receiver that would accept data from both within the 
organisation and without through various input and transmittal media. 

(iff) Universal Data Processor that would vet the received data and agree- 
gate It with the stored data. 

The idea of the total system is surely not ideal. Several sophisticated 
installations tend to approach this ideal. But the case with the majority of instal- 
lations IS otherwise. Often individual applications have been allowed to grow 
under pressure from the concerned executives without much regard for the payoffs 
they yield or their precedence relationships. The haphazard growth made it as difficult, 
expensive, time-consuming and disruptive to seek to integrate them as to work 
ab tnitio This has impaired communication between different departments in 
the same organisation and there has been a great deal of duplication of effort and 
data storage. 

Below we list the various advantages of working to a Master Plan. 

1. It forms a sound basis for the selection of the computer configuration. 

2. By scheduling applications by priorities in terms of payoffs they yield, 
ROI can be maximised. Also, having sorted out dependency relationships amongst 
applications it leads to good co-ordinations of progress. 

3. The plan can be suitably amended for any charges in goals and objec- 
tives of the organisation, or any technological breakthroughs which are all too 
common in the striding computer technology. 
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4. Progress can be measured and compared against the plan so that correc- 
tive action is initiated for any significant slippages. This also leads to stringent cost 
control against realistic budgets. 

5. It reduces confusion and the number of isolated, non-compatible sub- 
systems, which, as stressed earlier, may require expensive rework latter on. 

Which Way to Proceed (Application Priorities) ? 

The MIS structure for a typical manufacturing organisation is depicted in 
the figure below. 

At the bottom of this stucture are the data or information generators This 
IS the operational or execution level of the factory and the field In the middle, 
management control level (offices) are the functional information sub-sy»tems The 
MIS at the top level represents a superstructure straddling all planning and control 
systems and having direct infoiination pipelines to the execution level Whereto 
start for computerisation and which way to proceed then Seemingly, one should 
proceed in the descending order of application payoffs This is quite justified but 
here ali precedence relationship For manufacturing organisations, the following 
sequence as an instance is recommended. 

1. Forecasting 

2. Materials Planning 

3. Inventory Control 

4. Manufacturing Operations scheduling 

5. Shop Order release 

6. Dispatching 

7. Collection of production (feed back) data. 

Thus the master development plan should not only take into account the 
expected payoffs but also the aforesaid precedence relationships It is to be 
carefully noted that accounting applications do not figure in the above sequence 
although they have usually been the first to be computerised. This has been so 
because it is easy to computerise them. The accounting practices are well structured 
and meticulous. It does not lequire ihuch of effort m systems analysis and design 
to computerise these And the fact is that they offer very little payoffs In industry, 
the following three areas when successfully automated, consistency yield the greatest 
benefits : 

1. Planning and control of finished goods inventory 

2. Planning and control of the use of men, machines and materials. 



MIS Structure for a Manufacturing Organisation 


to 
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4. Planning and control of the material procurement functions 

The accounting functions should therefore be treated as supportive only and 
computerised as by products 

There are several approaches for preparing the master development plan. 
We shall discuss the bottom-up approach here. 

Bottom-up Approach ; It consists of the following five steps 

1. Individual functional applications (discussed m Study II) are planned 
separately and they consist of transaction processing, updating of files and sample 
reports. 


2. The files of the various functional applications are integrated by means 
of indexing and chaining into a data base. On-line inquiries can now be handled by 
means of the random access disc storage. The information requirments of the 
operational level arc thus completely met at this stage. 

Such decision-making and planning models for the various functions as 
follows are then added to operate on the data base at the management control level, 
production planning by linear programming, etc. 

4. Integration of models into one mode! base having a wide variety of 
analysis, decision and planning models The model and data base may be enlarged 
to include data for the expanded use. The ROI model, for example, straddles over 
different functions and it would not be possible to compute ROI in one stroke under 
the scheme of step 3. (See Study Paper No. I, p. 8 m Advanced Accounting). 

5. Strategic planning data and planning models are added to the informa- 
tion system data which should be added to the two bases in this final stage. 

Components of Master Development Plan 

The master development plan consists of the following four sections : 

(a) MIS Objectives (General and Specific) 

(b) Inventory of Current Capabilities 

(c) Forecasts of developments affecting the Plan 

(d) The Specific Schedules (discussed earlier). 

(a) M/S Objectives ; Rapport with the tob of management by systems 
analysis is to be established by means of interviews mainly. The questonnaircs and 
observation methods are applicable at lower levels only. The purpose of the rapport 
is to involve the top management m systems development. Besides the objectives 
established by the top management are gotten, based on which the systems 



development objectives are laid down. In other words, the objectives of systems 
development should be supporting to the overall organisational objectives. The 
systems development objectives can be classified as general and specific. The former 
are common to most organisations and may be set out as below : 

(i) Integrate the six levels of MIS i e., the interactions amongst the fore- 
caster, planner, the supervisor, the system analyst, the programmer and the data 
base administrator should be harmonised (Ref. MICS study V or SADP Vlf). 

(«) Keep MIS adaptable. This means that MIS should be flexible enough 
to, 

1. accommodate changes in frequency, format and contents of output 
statements and displays. 

2. decrease or increase in storage capacity, 

3. changes in models and programs, 

4. changes in the type of data and relationships between various data, 

5. changes in method of data input and updating, etc. 

(ill) Keep MIS cost effective. This calls for careful analysis of each output 
with a view to eliminating those which do not justify costs. 

(/v) Control by exception. 

(v) Automation of routine decision-making viz,, computing E.O Q.’s, setting 
reorder levels, statistical quality control etc. The dccision-makmg rules can be 
programmed and generally do not require human judgement or intervention. Such 
decision-making should be automated 

(vi) Aid m data analysis and experimentation for non-routine decision- 
making. 


(vii) Minimum of paper output. 

(viii) Speed in receiving, processing and dissemination of information, etc. 

Specific objectives ; however, relate to the given system. Where possible 
specific objectives should be stated in quantitative terms because this ensures a 
rigorous comparison of alternative designs. Further, during routine operation of the 
system upon implementation performance can be realistically appraised. Some 
examples on specific objectives follow : 

1. All financial statements should be furnished within 48 hours of closure 
of the period. 



So sLutomat ion the operation of the superstore inventory control system 
that order sizes and ROL’s are optimally computed. 

3. Pay 100% of invoices before due date. 

4. Identify cost and quantity variances within one day to permit initiation 
of corrective action. 

5. Establish a system that can simulate diflferent work schemes for an 
acceptable workload on the shop. 

(b) Current Capabilities : for information handling need to be carefully 
appraised. This is analogous to strengths and weaknesses analysis in corporate 
planning An appraisal of the various equipment, software, applications and 
personnel expenses and facility utilisation should be undertaken. These should then 
be critically appraised. 


(c) Forecasts of Developments : Computer data processing is a striding 
field Within less than a quarter of century we have witnessed three generations, 
of computer and the fourth is on its way. It is, therefore, highly desirable to be 
well versed with the computer market and technological developments. The 
hardware is known to have had a great deal of influence on the MIS centralisation 
and decentralisation issue. The first generation computers were high in costs and 
large in size. With the result the information system were sought to be centra- 
lised to derive benefits of hardware economies. The second generation compurers 
were substantially cheaper and the trend was towards MIS decentralisation The 
third generation how'ever offered communication capabilities and the use of remote 
terminals. 

The trend was reserved to centralisation again. This was further reinforced 
by data base and minimal programming effort accruing from centralisation, 

(d) The Specific Plan is a schedule of the following. It may cover several 
years ahead. 

1. A hardware and purchased software schedule (may firm up only after 
Stage IV), 

2. Application development schedule. 

3. Schedule of software maintenance and conversion effort. 

4. Personal resource plan. 

5. Financial resources plan. 

Malntenange of the Master Plan is to be done by means of periodic reviews. 
The short range plan is updated and the long-range plan adjusted in the light of 
latest developments. For example, miniaturisation of computers would have impact 
on data preparation and direct entry of input. Dependency relationship discussed 



above may necessitate planning and controlling by means of CPM and PfiR’f . 
The reporting of progress can be had both activity-wise and milestone-wise, / e., 
which milestones have been achieved. It is to be noted that the original plans may 
be modified great deal daring reviews This is because the world does not stand still 
whilst MIS implementation is going on. Cost Control of MIS development project 
is important. 


Systems Development Stage IV — SYSTEM ANALYSIS AND DESIGN 

The earlier three stages were concerned with all the application collectively. 
The following stages, however, pertain to each application individually as elaborated 
under a section below on “Application Life Development Section”. This would 
be so when they arc being developed for batch processing mode. Subsequently 
they, too, may be taken up collectively when data base and model base, etc are 
built. 


Also as stated earlier this stage is intended for detailed application-wise 
analysis and design ; gross design and overall analysis having been covered in 
Stage II. 

Application Life Development Cycle : Each application typically follows the 
following steps of systems development mentioned on page 6 i e.. 

Systems Analysis 

Systems Design 

Systems Implementation 

Systems Maintenance. 


Where the applications are to be integrated they can be considered together 
for these phases. 

SYSTEMS ANALYSIS AND DESIGN TASKS 

Systems Analysis ; There arc two approaches to conduct systems analysis. 

Decision Analysis Approach 

1. Indentify objectives and/or current decisions or processes f/r., in inven- 
tory control the decisions may be how much and when to order and 
processes may be stock balance updating. 

2. Identify or formulate a decision-making process. In the above example, 
the decision-making model may be £.O.Q. model. 



3. Identify the data required for the decision model or the process model. 
The E.O Q. model is given below : 


E.O.Q. 




2CaA 
C I 


Where Ca = Aquisition Cost/Order 
A = Annual Demand 
C = Cost of the item 
I •= Inventory carrying charge. 


4. Specify the accuracy and availability of the limits for the data needed. 


The advantage of this approach is that the analyst and the manager are not 
coloured or biased in favour of the existing system and procedures. ITiey can 
express in precise terms what exactly arc the information requirements for the 
decision or the process model. 


Data Analysis Approach : 

(a) Collect all data, reports, files etc. currently in use 

(b) By interviews and experience identify additional data that is not being 
currently collected. 

(c) By interviews and analysis, seek to ebminate data for which no need 
can be perceived. 

Techniques Systems Analysis & Design 

These apply to both the existing (whether manual or computerued) and the 
proposed system. 

1. Interviews 

2. Questionnaries 

3. Observation and Work Study Flowcharts 


(Already discussed in Stage II). 

4. Documentation Flowcharts depicts the flow of documents across various 
departments. As such they indicate the sources of originating data and the nature 
and disposition of outputs. An example on such a chart for handling the customer 
order is given in figure 2. Vide Page 26. 

5. Systems Outline Chart merely lists the inputs, files, processes and outputs 
without regard to any sequence whatever. An example of this chart on Sales OWicit 
|*rocessiog is given on p. 27. 



Fig. 2 


6. Run Flow Chart (Syn. Block Diagrams) as discussed in Part II of Study II. 

7. Program Flowcharts as discussed in Part I of Study 11. These, however, 
are usually drawn by the programmers in the following stage. Occasionally, how- 
ever, the systems analysts may draw these for some complex problems. 

8. Decision Tables as discussed in Study II. 

9. Input Layouts as discussed in the context of punched card in Study I for 
example. Such layouts would have to be prepared for each and every transaction on 
all kinds of transaction file media. 

10. Master File Layouts. 

11. Grid Charts link the data items to reports, documents and files and inputs. 
An example of a grid chart is given vide page 28. The grid chart helps in spotting 
T^undant data items and facilitates consolidation and elimination of forms, files and 
R^its. A couple of more realistic examples would be found in SADP Study VII, or 
MICS Study V. 
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Title 

Sale Order Processing 
(SOP) 

System 

S 

Document 

3 1 

Sheet 

V 

Inputs 

Customer Order Details 

Processes 

Order entry (clerical) 

Order acknowledgement (computer) 
Despatch (clerical) 

Despatch update (computer) 

-> 

Files 

Product Catalogue 

Customer Index Cards •*- 

Doubtful Cost List 

Delivery Cost List 

Factory Stock List 

Customer N/A Card 

Product Card file 

Outstanding Order File 

Product Order Book 

Order Ledger 

Outputs 

Error reports 

Balance Order Set 

Advice Notes Set 

Invoice Details Tape 

Notes, Cross reference 


1 

Issue : 

Date : 



12. Information Requirements Tables describe all data processing activities 
present in an information system and the contents and the input/output and storage 
media used. An example on it is vide page no. 28-29. 

13. O.R. Models. 

14. Other Tools and Techniques : Organisation Charts, work distribution 
charts, financial statements and reports may also be compiled or collected by the 
systems analyst. 



Grid Chart 


Reports 

Documents and Files 

Customer 

File 

i 

Stock File 

Despatch 
j Note 

cj 

U4 

Data Items 

Customer Name 

v 


V 


Customer Address 

V 


v 


Quantity Orders 

V 

a/ 

V 


Discount Code 






Information Requirements Form 






Data File 


Subsystem 

Name 

Activity 

Name 

Output 

File name 

Data-element 

Input 

Order 

Processing 

Edit, credit 
check, and 
book 

Open order 
file, unacce- 
pted orders 

Customer 

master 

Cust. No, 

Cust. name 

Cust address 
Credit code 

Customer 

Order 


Check stock 
availability, 
price and 
print 
acknow- 
ledgement. 

Customer 

acknowled- 

gements 

Part No, 
and stock 
roaster 

P/N 

Available Bal. Open Order 
Description 

Qty. Received 

List Price 

Discount code 




Customer 

Master 

Cust. no. 

Cust. name 
(Bill to) 

Cust. Address 



Cust. name 
(ship to) 

Cust. Address 
Pate last trani. 


Continue— 
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Print 
shipment 
documents 
and invoices 


Packing lists Part number P/N 
Picking lists and invoice Description 

invoices master Location Code 

Pieces/Package 
Package type 
List Price 
Discount Code 


Customer Cust. no. 
master Cust. name 
(Bill to) 

Cust. Address 
Tax Code 
Insurance limit 
Shipping instrn. 


The analyst may employ the various techniques of systems analysis and 
design for information analysis. He may, for example, prepare systems outline 
chart, systems flowcharts, computer run charts, procedure flowchart, decision tables, 
grid charts etc, for the existing system which, later he can study in his office. He 
analyses the existing system under the data analysis approach and proceeds for 
system design. Under the decision analysis approach he can straightway proceed 
with the system design, i e., without analysing the existing system. The outputs of 
the system design are : 


System outline chart 
System flowchart 
Computer run chart 
Program flowcharts 
Procedure flowcharts 
Layouts of the outputs 
Layouts of the files 
Layouts of the inputs 


Audit Requirements 
Software Checks 
Forms (Sample Copies) 
Codification Schemes 


SYSTEMS DESIGN 


1. Oatput Design 

The maior concern of the user in the systems design effort is properly design- 
ed output that IS intelligible and decision-impelling If. therefore, the output design 
IS poor the entire systems developments is likely to be jeopardised. Once the output 
reports formats and contents have been fixed the systems analyst can work backwards 
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and devise the input (transactions) and master file layouts as also the computations 
to be performed to derive the figures in the output reports. Going further back he 
would evolve suitable procedures and design the forms to capture the input data at 
points of organisation. At this point we must emphasise that any application spawns 
both the clerical staff and their superior for data creation and computer for data 
processing This, in fact, should have been quite clear from several applications 
discussed in part II of Study 11. Printed output can be bifurcated as below. 

(i) External Results i.e the outputs that are to be distributed amongst the 
user departments, e g. invoices, ageing schedules, list of replenishment orders, sales 
summaries, payslips, etc. 

(ii) Internal Results comprise transaction listings for control and audit (pur- 
poses) and error lists and summary information {i.e. control totals). 

Format of the information reports for the users {viz variance analyses or 
sales reports) should be so devised that it assists in decision-makmg, identifying, 
solving problems, planning, initiating corrective action and searching Therefore, 
all the rules of compiling statistical tables should be followed More often 
the executive would simply ignore the report that is not readily comprehensible. 
For ad hoc reports required on demand (usu. by the top management) it is not a bad 
idea to supplement the computer printouts with summarisation by means of dia- 
grams, curves, histograms, graphs, etc. However, where graph plotters are available 
as output peripherals the computer can do this bit of job too, Jn order that reports 
are readily comprehensible, codes and abbreviations are best avoided. Reports should 
preferably be supplied on an exception basis to save the manager from an overload 
of information. Occasionally, reports may be required in entirety, viz. for the audi- 
tors even in which case significant divergences or slippages or variances or deviations 
can be highlighted by means of printing asterisks As mentioned several pages 
earlier data (in case of marketing) can be classified m myriads of ways but only 
those analyses which are relevant to decision-making should be provided for m the 
software. Likewise, for such complex measures as ROI or productivity not only the 
summary figures but the entire hierarchy of their data components should be pro- 
vided so that the manager can spot weaknesses (or strengths) at once. 

For design of the output too collaboration between the user (executives) and 
systems analyst (s) is of great importance. The latter knows the computer capabilities 
in data and symbol manipulation and printing/display and the former knows what he 
needs, if not explicitv by proper probing by the analyst. It is highly desirable to go 
about this problem by what has come to be known as the black box approach. It is 
a highly creative approach and is be^t carried out in the spirit of brain storming 
sessions (Ref : OR Study V) amongst the executives and analysts. The idea is to 
dismiss the existing outputs from mind and think afresh what is (reports) needed to 
support the managerial activities of directing, organising, planning and control. 
The participants are not constrained to be pragmatic On the contrary they are 
encouraged to be dreamy. Economy is forgotten for a while though it will subse- 
quently figure in as it should Quantity of ideas rather than quality is the objective. 
With this approach such seemingly bizarre output media as audio response units 
would not be overlooked which ii very likely going to happen in conventional 
approach. And the audio-response may well turn out to be an excellent mode. 
Following this the analyst 'scrutinises each idea for its economics and even 
feasibility. 
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The reports collected during the systems analysis phase can now be subjected 
to a close scrutiny for their validity. It is usually the case in most organisatiotu 
that 10 to 30% of the reports do not seive any purpose and these are merely a carry 
over from some past events. Thus elimination of such reporls is called for Some of 
these can be discontinued as an experimentation and if no one demands they should 
be abandoned It is also desirable to merge two or more reports where possible. 

It is also to be ascertained if the cost of a report is justified by the 
benefits. The cost factor is not difficult to establish Using costing techniques total 
cost of each statement can be derived but the benefits are hard to quantify In fact, 
assessment of benefits is very subjective and their conversion to objective units of 
measurement is nearly impossible However, to resolve this problem we can classify 
all the managerial statements into a few categories with regard to importance, say, 
(a) absolutely essential, (b) necessary, (c) normal, (d) extra The last category 
statements ought to be eliminated and the (c) category statements should be viewed 
with skepticism. If the cost of such a statement is excessive it should be eliminated. 

Frequency of reports is another aspect to be determined by the systems 
analyst Too frequent report hide the broad trend or pattern and undue importance 
is given to change fluctuations m progress. On the other end of the scale too infre- 
quent reporting is liable to miss important fluctuations owing their origin to some 
assignable cause (s). Considerable deliberation is, therefore, needed to strike a 
balance though daily, weekly, fortnightly, monthly, quarterly, etc. are usually (sort 
of) rounded olT periods. 

Timeliness is yet another aspect of reporting Obviously an annual report 
can be presented within a few days whereas a weekly report would have to be presen- 
ted within hours, if not less. Anyhow, the systems analyst should ascertain the 
maximum possible interval between the production and presentation of the report. 
Too short an interval would unnecessarily burden the staff. 

After these aspects have been covered the analyst comes down to detail 
regarding the contents. For the existing reports he can go in by plus/minus i e. add 
new contents that are considered necessary by him (in conjunction with the operating 
manager) and delete the unnecessary data items. For altogether new reporls the 
contents in entirety would have to be conceived. Each data item would be defined 
as numeric or alphabetic or alphanumeric The picture would be defined completely 
and this would be more clear if the student refers back to COBOL in the previous , 
study II. It IS to be noted that some numeric data items can assume negative values 
and provisions would have to be made for printing the sign. Likewise monetary 
figures may be printed in one of several ways some of which are given below. 

Rs. 4708.21 or Rs 4708.21 or Rs. 4708.21 

Rs. 0506.26 Rs. 506.25 Rs 0506 25 

Rs. *♦♦*.♦* 


Rs. OOOOcOO 
Rs. 0014.00 


Rs. 


14.00 


Rs. 0014.00 
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In the 2ad case non>significant zeros are omitted. In the 3rd case for no 
amount stars arc printed so that a defrauder is frustrated whereas in the 2nd case he 
could type in some figure. Thus for each data field appearing in an output the 
following specifications should be clearly spelt out. 

(i) Whether fixed length or variable length. 

(u) Whether it is to include significant zeros, non-significant zeros, spaces or 
special characters (viz., oblique in data). 

(iii) Whether it is left-justified or right justified. 

(iv) Whether it is purely numeric or alphabetic, or alphanumeric. 

(v) Its maximum size, including sign, decimal point, comma (s), sign etc. 

(vi) Its maximum value (viz. Rs 40,000 for limit checks to be discussed 
subsequently). 

For each output liable to run into more than one page of continuous 
stationery it is to be specified if in the sheets in continuation headings ate to be 
printed or not and how many blank lines are to be left after headings. 

Based on the aforesaid considerations, for each report the following output 
analysis form and printer layout sheets are compiled. 

Typical System Ontput Analysis Form 

(Incomplete) 


System Output 

Page 1 of 1 

Date : July 25, 1982 Type of Output : Monthly Sales Report 

Prepared by ; A Pannikar by Products 


Data Items 

1 Type of 
Characters 

No. of 
Characters 

Comments 

Product Code 

Numeric 

5 


Product Name 

Monthly Sales (Units) 

Sales Price 

1 

Numeric 

4 

Edit with 

Monthly Sales by product (Rs.) 

Total Monthly Sales for all products (Rs.) 

, U » , ■ ■ — 



decimal 

point 
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Comneats : The computer program ts to generate the report and column headings. 

Also the current date and page number are to be printed at top of each 
page. 

The printer layout is available in graphic form Horizontally, each grid 
measures 1/lOth of an inch and vertically it measures I /6th of an inch Columns are 
headed from 1 to the maximum print position available. Such chiits facilitate 
portrayal of the output highly useful to the programmers subsequently and as 
documentation Layout should incluJe a statement whether the output is to be had 
on continuous statio cry or pre-prmted forms It is to be remembered that numeric 
fields that can attain — ve value require an extra print position. A specimen print 
layout of Labour Distribution Report follows. 


1 OMEGA MANUE 

Oj LABOUR DtSn 

^1 GROUP No XX Clock No- x- 

1 ■ 

AC Turing company 

mUTION RERCRT i^^ 

DAJE wjxxjxx IQ 

,rxxx TOT^L H0UR5 <x < xx | ^ 

Qi ORDER 
\ NUMBER 

OPER 

CQOE 

JOB 

RATC 

HRS> 

PER 

UNIT 

QTy. 

TOTAL 

HDUPS, 

A 

uJU4{i 

SET- 

UP 

RATE 

PART 

No 

iy§ 

5*0 

II 

QS 

U -S. 

'U 

'o 

XXXXXX 

q! 

ol 

o', 

o: 

ol 

ol 

1 

I 

1 

xxxx 

XXXX 

WXK 

X 

X 

X 

> 

XXX « 

1 

X XX 



XX >c 

x(e) 




io 

!0 

;o 

0 
lo 
10 

:o 

1 


Output reports, having been thus fixed, are now put to use to derive the data 
fields to be incorporated in the inputs and master files by the logic adumbrated m the 
fiowchart vide, page No.34 Also to be established at this stage are the hie media for 
the master files and inputs. 


2 DesigDing Flics : There exist different kinds of files (master file, 
ansaction file, reference file) as also the various media viz . punched cards, paper 
ipe magnetic tape, magnetic disc, magnetic ledger cards and occasionally magnetic 
rum. File organisation refers to the relationships between the keys of i he adjacent 
icords. If these are in serial order, the organisation is said to be sequential 
inched cards oaoer taoe and magnetic tape are inherently sequential media If 
ere exists no relationships between the keys of adjacent records the file organisation 
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is said to be random. Magnetic disc is tbe most common sucU media though 
magnetic drum (that is much more expensive) and magnetic ledger cards (that are 
much slower) are also in use. All these random (or direct) access media can also be 
used as sequential media whereas punched cards, paper tape and magnetic tape can 
only be used as sequential media and never as direct access media. The criteria to 
organise the files in sequential or random order are stated below ; 


(i) the cost and ability of the media ; 

(ii) complexity of systems design and programming involved and the difiB- 
culty of operation ; and 


{Hi) the effect on overall running time of the computer. 

The choice of a media within a particular file organisation would depend 
upon the following : 


{a) The transfer speed, punched cards, for example, being very slow in being 
read into the CPU can waste the fast internal speed of the computer. 

(b) In some applications e.g , fixed order cycle stock control systems the file 
organisation should obviously be sequential since all the records would 
be reviewed. So is the case with payroll file in general but occasionally 
a manager may want such information as the list of the persons who are 
below 35 and at least B.A. in qualifications Such an inquiry can only 
be expensively had on the magnetic tape etc. But the magnetic disc can 























35 


nanage both periodic processing and such random inquiry handling. 
Theretore, due regard to the nature of the application has to be paid 
whilst deciding upon a particular medium. 

(c) Volume of information that the medium can hold conveniently. Take 
punched cards as an instance. If, in an application, the records do not 
exceed 80 columns in length, this medium could be further considered, 
but if the records are longer, say, 90 columns, two cards per record 
would have to be maintained. This would not only make it a wasteful 
proposition but also programming would be more complex. 

Further, the arrangement of the data fields within the chosen medium is also 
worth consideration at this stage Fixed length records are wasteful in utilising the 
storage of the secondary medium but keep programming simple Vanable length 
records, on the other hand, utilise the storage space most economically but make 
programming rather complex. 

Files are continually amended, i e., new records are added and some existing 
records may be purged Punched cards are the most convenient in this regard since 
such additions or deletions can be simply made manually. In magnetic tape and 
sequential access on magnetic disc, insertions are made by copying existing records 
until the key of the insertion record is reached. Deletions are made by copying re- 
cords from old file to new file by omitting unwanted records from the new file or by 
inserting a deletion mark on the unwanted record— obviously time consuming and 
therefore expensive. In magnetic disc with direct access file organisation, new 
records may be simply added at the end by amending the location index. And 
unwanted records can be simply over-written by new records. 


Having made the choice of the medium and organisation the systems analyst 
ought to specify each file as below : 

Identification : file number : 


Purpose 


Characteristics 


Contents 


file name. 

a short description of the reasons why this file is 
needed 


e-g- 


— master file ; 

— transaction file ; 

— inactive file, 
a listing of : 

the kinds of records appearing in the file, with con- 
necting record identification ; 

— average and maximum number of each record for 
each file item ; 
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Volume 


Flic organisation 


—sequence of the records 

the average and maximum number of records which 
can occur in a file, the fixed, average and maximum 
sizes for each type of recoid, and the average and 
maximum number of characters (=number of 
records X record length). 

the type of access, e.g , 

—sequential ; 

— index sequential ; 

— direct addressing ; 

—relative addressing and the sequence of sequential 
files tn terms of major/mterroediate minor fields. 


Planned storage 

media : punched cards ; 

; magnetic tape ; 

: disc ; 

3. Input Design ; A placard carrying the message "GIGO” is hung in 
many computer installations It stands for "Garbage In Garbage Out". This 
should bring out the importance of the subject of input design Unless raw data is 
captured and input in a suitable form no sensible processing can be performed. Un- 
like process control where input emanates from thermometers and pressure gauges, 
m business systems it emanates from human beings and conflicts are inevitable 
Great care should, therefore, be exercised in balancing system requirements against 
personnel capabilities. Inputs may be had in three ways 


Direct Entry for subsequent processing : The transactions are entered directly 
into the computer via terminals or the transaction is edited immediately but proces- 
sing IS postponed until a sizeable batch has accumulated Great many types of errors 
can be detected during editing and referred to the input device for on the spot 
correction. The disadvantage of direct entry for subsequent processing lies in the 
fact that files are not always up to date. 

Direct Entry for immediate processing : The transaction is both edited and ^ 
processed immediately upon entry. The input devices would respond with either the 
message of completion of procession or notification of errors discovered during edit- 
ing. The files are always up-to-date , but this mode of entry and processing is 
costlier than batch processing. Also, audit trail (Ref : Study VI) is rendered sketchy 
and safeguards are necessary to save the files against accidental or deliberate destruc- 
tion during online updating. > 


Periodic processing of batched transactions t This mode of processing is also 
known as batch processing and is contrasted with immediate online processing. The 
transactions are accumulated into batches. J^e frequency of prqpesimg for the 
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accumulated batch may be hourly, daily, weekly, monthly etc depending on the 
application and cost benefits involved. Obviously batch processing is less expensive 
than on line processing Gi cater the batch size, lesser the setup costs and per tran- 
saction cost ol processing. Editing can be performed on the entire batch and this 
allows better control over processing accuracy and better protection against file 
destruction. But the disadvantage of batch processing is that master files are out of 
date It IS to be noted that magnetic tape is inherently suited to batch or sequential 
processing In contrast, magnetic disc may be used for sequential processing and 
non-sequential processing. 

Extent of Integration : A point of great importance is the relevance of an 
input to more than one sub-system For example, customer orders may have effect 
on accounts receivable tile, inventory control file, production scheduling etc, etc. 
The extent of such integration, ; e , multiple use of data is to be determined by the 
analyst. The more integrated the system, the more difficult and expensive it is to 
develop, but the computer is used more efficiently. Instead of developing and 
designing an integrated system straightway it is also possible to design independent 
sub- systems to start with— subsequently upon implementation these can be combined 
in stages. 

Types of Data : Three main classes of input data to a computer system can 
be recognised : 

(i) External data— hours worked, quantity received, part numbers, quantity 
sold, etc. 

(ft) Internal uses data for inquiries 

(ill) Internal system data such as console typewriter instructions. 

The external data can be further sub divided into current and file data upon 
which the former operates during transaction processing Files are also amended 
for insertions, deletions, and amendments. It is necessary to process the file against 
batches of amendment data before file updating is undertaken lor current data, i.e., 
transactions. It is desirable, however, to put the file amendments at the head of the 
transaction files 

Data Capture and Design ; Most employees come into contact with the 
computer for inputting data Therefore the input methods should be as simple as 
possible. If the employees regard this provision of input as a tedious and unreward- 
ing activity, they will be resistant to data processing activities and the quality of 
information provided will suffer. Thus care in data capture has to be reconciled 
with the need to present data to the computer in a form and sequence that is 
acceptable. Depending upon the method of data capture some or all of the follow- 
ing stages will be met : 

(i) Original recording 

(li) Transmission of data from the place of original recording to the data 
processing centre. 

(ill) Transcription of data in a suitable input medium. 
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(/v) Verification of transcription . 

(v) Sorting of the records by some key. 

(v/) Control validates that all the original records have been transcribed. 

(v/7) Input. 

Ideally, the data should be transcribed at the place of origin But this tends 
to be expensive. Also, shortage of equipment and qualified, experienced staff would Qj 
call for centralisation of the data preparation, (transcription and onwards) activities. 

The methods of recording data are numerous. These are listed below : 

(i) Card punches. 

(it) Paper tape punches. 

(/«) Magnetic tape encoders. Data is encoded via keyboards. Early encoders 
had input block limitations of 80 to 160 characters This is because 
they were intended to replace the punch cards. Now-a-days, however, 
the equipment is capable of producing blocks upto 150 characters 

(iv) Indirect keyboard machines— which produce paper tape as a by product 
of normal keyboard operation to prepare hard copy. Examples arc 
found m typewriters, accounting machines and cash registers. 

(v) Mark-sensing punches— in which pencil marks made m pre-determined 
positions in a punched card are converted automatically into punched 
holes on the same card, thus eliminating manual punching of data. 

(vi) Magnetic ink character readers. 

(w'l) Optical character readers. 

(viii) Mark readers— akin to mark sensing readers, the only difference being 
that mark reading punching is performed on normal sized paper forms 
instead of punched cards. 

(lit) Document reader— which accept and convert information from docu- 
ments produced by high speed printers, typewriters, adding machines 
credit printers and cash registers. 

(x) On-line terminals. 

The factors to be considered for adopting any of these methods are : 

(a) Type of Processing— It may be batch processing (groups of records) or 
direct processing (individual and distinct records) : serial (sorted) or 
random (unsorted) It may be recalled that if records are transcribed 
on a paper tape they cannot be sorted. Hence processing would be 
random. 



(i) Speed Yia,s to be considered for input Punched cards and paper tape 
have low capture and preparation speed but very fast input speed. On 
the other hand, OCR documents need little preparation but are slow in 
inputting. 

(c) Accuracy 

{d) Verification can be performed (/) by sight checking form hard copy, 
(ii) arithmetic methods (check digit : sec page, 47), (ni) automatically by 
program, (iv) batch totals verification. Each input media has to be con- 
sidered for these possibilities of verification. 

(e) Operator requirement 

(f) Cost. These can be spilt into two components; (/) capital cost of 
equipment and (ii) cost per character of input. The latter is composed 
of stationery, floor space, staff and overhead. 

Of all the input media discussed, the two principal contenders are the punch- 
ed cards and paper tape. Some of the advantages of the two media are given 
below ; 


Advantages of punched cards : 

(i) The use of standard 80 column is univeral. In contrast there is a 
conversion problem for a wide range of formats m 5, 6, 7 and 8 channel 
tape. 

(d) Records can be inserted or deleted merely by inserting new' cards or 
removing the existing cards. 

(hi) For program input, use of cards is easier. 

(iv) Cards cm be loaded in the card reader hopper whilst the computer is 
operating. In changing reels of paper tape, *ime may be lost. 

(v) Cards can be sorted off-line and can also be processed off-line by 
auxiliary equipment. 

(vi) Card files are tidier than unreeled tape. 

(v/i) Cards can be interpreted and read by eye, 

(via) Error correction is easier— just pull out the incorrect card and insert the 
corrected one in its place. 

(/;c) Cards are more robust than paper tape. 
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Advantages of paper tape : 

0) It IS easier and cheaper to produce paper tape which also produces a 
hard copy as a by product viz , on typewriters or accounting machines. 

(//) It IS less bulky. 

(/;/) Records cannot be lost or get out of sequence. 

(ir) Variable length records are possible to accommodate 

(v) Paiity check can be provided. 

(vi) It IS telex compatible. 

(v//) It IS a cheaper media. 

(viii) Equipment is cheaper. 

(ix) It can be read in reverse. 

(x) Errors during punching can be designated and ignored during processing 
Cards, in contrast, have to be re-punched. 

(xi) Paper tape reel is easier to feed to the computer than its card equivalent. 

4. Form Design 

The analyst may have to design forms for revised procedures he produces. 
He should also be thorough with the considerations for design of the punching 
documents. 

Office forms are instruments of office procedures ; they have no life of their 
own. They exist in order that information arising out of a procedure m ay be 
conveyed in a predetermined and orderly fashion. Thus the first question to 
settle is whether the procedures which give rise to the form are valid “have they 
been reduced to the minimum consistent with an efficient job ?”. The question 
'why have a form at all’ must be converted into the question ‘why should this 
information be provided or conveyed, at this point in the process, in this manner’? 
The design of a form introduces the skill of conveying information by documentary 
means ; it is part of the ‘how’ of the procedure, but it comes last. At the earlier 
questions : What is being done (and how much), why it is provided, and when and 
where it should be provided must first be answered. 

Detailed Specification of Requirerrents : What is required should always be 
drawn up. This should include information concerning : 

I. Who creates the form and in what circumstances, for example, a clerk 
on a desk, an inspector as he moves around, a workman on a bench, 
etc — and in what form and sequence is the information normally 
obtained— for example by copying from other information, extracting 
or, editing, or making verbal statement ? 
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2. Who uses or processes the form afterwards what is done‘s— for 
example check, edit, analyse, calculate, select, summarise , the sequence 
in which these actions are normally undertaken. 

3. How will the form be filled up writing and/or typing, imprinting, 
addressing, by means of an accounting machine, tabulator, line printer, 
etc.? What limitation— for example, size of layout— does the particular 
method impose 

4. The precise contents of the mam items of information to go into the 
form namely : 

(a) Heading, if any, and whether it must be a document — for example, 
for an invoice— or merely as identification as for example, on an 
internal advice 

(b) Space, if any, for name and address or recipient , how to be inserted 
and if in a box— for example, whether to suit a window envelope. 

(c) Whether any of the entries can be preprinted 

(d) Columnar arrangements for money entries , number of digits likely 
to appear in price and value column , provisions fortotals and 
sub-totals. 

(e) Maximum length of lines of data ; number of lines in the form of 
the rough distribution of frequencies. 

(f) The intention and working of an introductory, explanatory or 
instructional material -where, on the form, this should appear and 
what weight it should be given 

5. Any special features of form-for example, for security or control 
purpose. 

6 The number of copies required , the purpose of each ; the minimum 
amount of data in the original which must appear on the copies, 
material which must appear on copies— for affecting the choice of the 
copying method, legibility, permanance, handling, de collation etc. 

7. Limits on the size and shape, for example, for handling, sorting, filing, 
insertion in binders, etc. Forms sent through the post must comply 
with certain regulations. 

s 

8. Usage per year How should forms be provided — singly, in pads, in 
the form of continuous stationery for computer printing ? 

Before moving further, the designer should satisfy himself that a new form is 
really necessary— for example, that it is not possible for an existing form to be 
added to or adopted to serve the purpose. Generally, the aim should be to reduce 
the number of forms in use and, whenever, possible, to combine forms. Care 



should, however, be takert not to complicate a composite form so much that It 
becomes difRcult to use it. 

The forms design can make a very worthwhile contribution to the success 
of office procedures by the skillful agreement of that material so that it has the 
appearance of a well contrived and attractive form. There is also scope for 
considerable ingenuity in devising methods of documentation that best suit the 
system This can result m considerable saving in the cost of producing and the 
much larger cost of filling the form 

Drafting the Form • With the spccificdtions of requirements clearly m 
mind, the broad structure of the form should be decided upon Various major 
aspects of design must be considered, for example : 

1. The order in which the groups of introduction and information should 
appear ; the amount of space each should occupy in order to serve their 
purpose adequately. 

2. The need, if any, to give special weight to particular parts of the form, 
for example for prestige reasons or to draw special attention to direc- 
tions or requests. 

3. The method of creating, handling or processing the form— the design 
should aim at facilitating the use of the form within the procedure to 
which It relates 

A rough sketch of the mam features of the form, suppressing detail, is 
required m order to be able to visualise it as a useful instrument of the procedure 
and make sure that it holds the promise of being an attractive form. At this early 
stage It may be worth showing the rough draft to the user or customer to make sure 
that he is likely to be satisfied with it m its broad outline. 

In drafting the form in detail many considerations must be kept in view ; for 
example : 

1. Provide the form with a means of identiiication, usually a title which 
makes it distinguishable. 

2. Arrange the material in a logical order so that it is easy to fill and to 
understand and see that the working is sufficiently clear so that doubts 
and queries will be avoided. 

3. If questions are asked, put them in simple terms, arranged in the 
expected sequence for easy comprehension. 

4. Put notes and instructions where they will be read before entries are 
made ; preliminary general notes at the head of the form, and specific 
ones near the point at which the relevant entiies are to be made. Avoid 
putting notes overleaf, since it makes reference to entry difficult. If 
there are complex instructions about the completion of the form, put 
them in a separate note rather than clutter up the form. 



entries on the form to be made from left to rieht 
the natural way of writing Use a columnar arrangement. Wuhhon- 
zontal descriptions, for example for price or value 


6. Use boxes or panels for single entries : make an estimate of anticipated 
answers to questions and see that sufficient space is allotted. Put sub- 
headings in the top left hand corner. 

7. Written entries require lines at 6 mm space ; for both writing and 
typing 8 mm. No lines are needed for typewritten or accounting 
machine entries ; these should be allotted space at multiples of 4 mm 

8. Introduce emphasis by shading columns, heavy lines, etc. If the form 
is to be used for a specific clerical operation, for example copying or 
checking, see that the detail is arranged and spaced to provide maximum 
help to the operation— for example, in relation to a document from 
which card punching will be undertaken. 

9. Decide how many copies of the form are to be created and produced 
— for example by the use of coated paper, carbon banding of patching, 
hectograph masters, dyelinc or offset masters— and whether copies are 
to be provided in sets, singly or m continuous. 

10. Use smooth paper if entries are to be made in ink and rougher paper 
for pencil entries. Add colour flashes for easier identification of 
copies. 

11. Consider whether the form needs to include aids to reading (arrows or 
marks), copying (lines or codes) tabulating (starting and tabulating) 
line, folding (folding guides). 

12. Check that security aspects have been covered — pre-numbenng forms, 
double side carbon, etc. 

When the form will be used in an office machine, take account of require- 
ments of the machine and of the limitations it imposes, for example : 

1. Typewriters. Reduce the number of lines by arranging data in hori- 
zontal form whenever possible. 

(a) Minimize carriage movement and reduce the number of starting and 
finishing points involving the use of tabulation stops. 

(b) Whenever practicable, arrange the vertical spacing on the form in such 
away that the tabulation stops can be continued down the form. Avoid 
entries close to the top or bottom of the form. In a complex form print 
guidelines to facilitate the making of entries. 

(c) Space entries according to the size of type face. Arrange vertical spacing 
at multiples of 4 mm. 
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i. Accounting: machines. Requirements, in general, are the same as for 
typewriters : on same machines there are fixed points for entries relating to money 
registers, entry of data, and other standard data 

3. AdJraiing machines. Overall size of documents ' distance of edge of 
form from plate , number of lines of characters in the plate and the spacing within 
the plate so designed that all needed data can be entered in all the required places. 

Design of documents used for punching data 

Data may be punched directly from original documents— that is, source 
documents— or form specially prepared data sheets into which selected information 
has previously been entered The design of any source document must be largely 
influenced by the work requirement at its point of use Data sheets can, however, 
be designed to promote the greatest efficiency in the punching operations. 

The question whether data should be punched from source documents or 
from (fata sheets is a matter deserving close consideration The aim is not merely 
to reduce the number of operator key depressions but to minimise the time and 
cost required to convert the data into machine readable form. The decision is 
usually based on the characteristics and degree ol complexity of the source docu- 
ment 

Size and shape of the source document. Is this likely to slow down punch- 
ing, particularly if, in manipulating the document, the operator needs to use both 
hands ? 


Distribution of data on the source document Is data distributed m such a 
way that it is difficult for the operator to select the required data Does the selec- 
tion involve considerable eye movement and is therefore fatiguing 

In some cases, the information to be punched is so small a part of the con- 
tent of the document that the preparation of data sheet is obviously the best plant. 
For large scale operations, it may be worthwhile to specially preprint data sheets and 
arrange for their completion at the point of origin of the data — for example, at an 
ordet receipt and edit point (it should not be forgotten that the creation of an inter 
mediate document doubles risk of miscopying and it is desirable that the information 
on the data sheet should be carefully checked) The disadvantages of using a source 
document, in terms of the extra costs of slow punching speeds, should be calculated 
and compared to (a) the clerical costs of transfer of data sheet, and (b) the cost of 
punching from those sheets. The forms designer will often be faced with the pro- 
blem of balancing the question of the efficiency of the originating document at its 
place of jjse against the efficiency of the punching operation. Noimally, the former 
will carry greater weight. 

Whether a source document of a data sheet is used for the punching opera- 
tion, certain points affecting design arc worth considering namely : 

1. Full advantage should be taken of the possibility of using any by pro- 
ducts from machines used earlier in the system — for example, accounting 
machines capable of producing paper tape as a by-product Whenever 
possible, use turn around documents produced by the computer at an 
earlier stage, to secure basic data. 
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2. Pre-print or make entries on documents by means which enter the 
verified information, or codes, are available in punchable form for 
example, from address plates, edge punched cards, etc 

3. Avoid the entry of data which can be calculated, derived or retrieved by 
the computer. 

4. Do not punch anything that can be established as a norm for the whole 
area of work or for sections of it , ri-strict punching to variables or 
exceptions. When using punched cards make use of the facility for 
pre-punching common or standing data 

5. Ensure that entries in the punching media are made in the same 
sequence as in the source document— that is, from left to right and from 
top to bottom of a page (It is not necessary to follow the sequence of 
processing since the computer can sort the data into any order before 
processing) 

6. Establish punching conventions in consultation with the punching room, 
for example : 

(a) Double vertical lines signify end of block. 

(b) Single vertical lines signify end of field. 

(c) Doited line or break marks are used to assist spacing. 

(d) Indicators are provided when zeros must be punched 

(e) Rules are laid down concerning punching of decimal points. 

(f) Block or field numbers are entered on documents. 

7. Consider devices for distinguishing data not to be punched — fer 
example, cross-hatching of areas of the document, using pale coloured 
printing to make written entries stand out. 

5. Controls and Auditing : We have referred to several distinct capabili- 
ties of the computer at the outset The system that is designed must exploit these. 
But computer is after all a machine It has its limitaiions too. One of these 
limitations that figures importantly in system design is that computer possesses no 
judgement which, though, can be built into its programs— of course, at some cost. 
Consider, for example, an error in goods receipt note— Rs 50 as the price of a 
washer in place of the correct price of 50 paisc per piece In manual system, the 
stock control clerk is likely to view this with suspicion. He may run around and get 
the correct price Computer possesses on such judgment It would accept the 
wrong price, enter it in the stock records as such and pass incorrect invoices. Because 
of this, compufer systems are also known as GIGO systems meaning "Garbage In 
Garbage Out”,systems Such errors can arise during manual recording and trans- 
cription and there must be means to detect these to maintain the integrity of the 
files and produce correct outputs. This is usually accomplished by building in checks 
in the computer programs that can signal for such errors in the form of printed 
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errors reports which can be inspected by the staff, rectified on the input medium and 
rcsubmiiied to the computer staff for input. Some of the important software checks 
arc discussed below . 

A. FIELD CHECKS 

(1) Limit Checks msLy be applied to both the input data and the output 
data. The field is checked by the program to ensure that its value lies within certain 
predefined limits (in the program) This applies to both input and output fields 
considered to be important. Several examples follow : 

(i) Hours worked by an employee m a week cannot exceed, say 60. The 
program would verify this for each employee’s clock card and where 
this limit is exceeded an error message would either^be printed or 
displayed This, then, is a safeguard against both inadvertent errors 
and fraud. 

(ii) Limit on weekly earnings of an employee. 

(m) The highest vendor number is 3420. If the program encounters the 
vendor no. 4329 error message would be printed. 

(iv) All customers with code 2, cannot purchase in excess of Rs. 10,000. 

(v) No pay when there is sick leave. 

(vi) Physical balance can never go below zero. Likewise, wages, forecasts 
cannot go negative. 

(vii) Lowest and highest prices of stockitems to ascertain that the price on 
each transaction is not beyond these. 

(viii) Date is usually put in the format DD MM YY. Checks can be built 
to ensure that DD^31, MM<12 and YY=84. 

(ix) Transactions may be checked that they arc not backdated say more 
than a week. 

(x) If the quantity invoiced by a supplier exceed twice the average size the 
fact should be brought out as an error message. 

(xi) The range of code number, for example, could be fragmented too. The 
permissible code number, could be 1 to 10, 15 to 20 etc , so that codes 
such as 8, 10, 15, 17 would be accepted whereas 1), 13, 14, etc. would 
be rejected. 

(xii) Combinations of various fields may also be subjected to limit checks. 
Suppose the limts of purchase price are Rs.l to 65 and that of quantity 
I to 100. A purchase order for 80 items at Rs 55 each could be 
detected by applying a combination check with a maximum of say, 
Rs. 4,000 to the value of the purchase order. The combination limit 
check IS equivalent to a limit check on intermediate or final results and 
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particularly useful for detecting output fields that have become far too 
large for printing space allocated to these. 

(2) Picture Checks. These check against entry into processing of incorrect 
characters. 

Example AH department numbers may be made up of numerics. An incorrect deptt. 
no. 4D3 would thus be filtered. 

(3) Valid Code Checks. Checks are made against predetermined transaction 
codes, tables or other data to ensure that input data are valid The predetermined 
codes or tables may either be embedded in the programs or stored in (usu direct 
access) files. 

Example (i) In an inventory updating application the following may be com- 
prehensive list of transaction codes ; 

I = Issue 

R = Receipts 

C = Allocations against customer orders 
A ■=• Amendments 
D = Deletion 

N = Addition of new records 
S <= Stocktaking adjustments. 

Any other code (misc. punching for example) would be brought out 
in the error message. 

Example (ii) Every time a payment is made to a vendor, the number of the 
vendor must match a number in the table of valid vendors. 

Example (iii) A code 19 is assigned to the preventive maintenance If one or 
several time card codes from preventive maintenance did not agree 
with this code an error would be displayed. 

Example (iv) In the codes table for the chart of accounts the current assets may 
be designated form 100 to 199, where cash is 100. If cash receipts 
are being processed all cash credits or debits must contain the code 
100 . 

(4) Check Digit. Check digit is an extra digit that is computed from a 
code itself and placed along-side It for subsequent checking Whenever the code is 
transcribed from one document to another this check is to be effected. Consider 
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the number 3721 for example. The weightages as below are assigned to its various 
positions Other step;, to derive the check digit are also given. 

S/ep 1:3 7 2 1 

5 4 3 2 (Weightages) 

Step 2 : 1x2-1-2x3 4-7x4+3x5=51 

Step 3 : 5 1 — 1 1 =4 with a remainder of 7. 

Step 4 Check digit = 11 — 7=4. 

The check digit may be placed at the end of the number, giving 37214' (If 
the check digit turns out to be 10 Icttci A may be taken as the equivalent). 

When the numbei is checked for validity the following steps would be gone 

over. 


Step 1 : Ix4+lx2-f 2x3+7x4+5x3 = 55 

Step 2 : 55+11 = 5 with a remainder 0. 

If the number had been mispunched as 73214 the remainder of 4 (and not 0) 
would be obtained, thereby causing an error messager. The check digit described 
above IS known as the 1 1 — modulo check digit for the reasons which should be 
apparent now It is to be noted that on some errors the check digit may fail us. 
There are numerous other check digit schemes but the 11 — modulo check digit 
scheme has been empiric illy established as the best to detect the following types of 
errors commonly encountered in data processing situations. 

(i) Transcription, where the wrong number is written completely, e g., 2 
for 8. 

(ii) Transposition, where the correct numbers are written but their positions 
are reversed, e.g , 3419 for 4319. 

(ill) Double transposition, where is an interchange of numbers between 
columns, e g , 21963 for 26913. 

(iv) Random, which is a combination of two or more of the above, or any 
other error not sepcifically listed here. 

In the table on page 49 are given the survey test results for the 11— modulo 
pbeck digit scheme (Ref ; Basic framing in System Analysis by DqnieJs and Yeastes), 
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Performance of 11— modulo check digit scheme 


Number of entries 

1-1,00,000 

Total No. of errors 
0/ 

= 1,000 

Type of error 

No. of 

V 

/o 

Errors 

Errors 

Transcription 

errors 

efficiency 

detected 

undetected 

860 

100 

860 

0 

Transposition 

80 

100 

80 

0 

Double transposition 

10 

100 

10 

0 

Random 

50 

91 

45 

995 

5 

5 


Efficiency— 5 errors undetected in 1,00,000 entries, i e , 99 995% coverage of 

errors 

(5) Arithmetic Checks. Arithmetic is performed in different ways to validate 
the result of other computations or the value of selected data fields. 

Example (i) The discounted amount for Rs. 4,000 at 5% discount may be com- 
puted twice by the following different ways : 

4000-4000 X — =■ 3800 or 
4000 ( ^ 

Example (ii) In payroll processing, it is usual to accumulate gross pay, deductions 
and net pay. At each employee’s record whenever those totals are 
( accumulated the Gross Pay must equal Net Pay+ Deductions. 

i 

Example ii) If x is to be divided by y not only this is done but also for verifica- 
tion the quotient is multiplied by y to verify the result. 

Example (iv) If fairly homogeneous items such as steel, rolled stock or a lubricant 
are shipped to a customer, the billable amount can be checked for 
accuracy. A standard price in place of the actual fluctuating one 
say Rs. 100 per unit may be multiplied with we.ght/volume to 
derive an approximate billable amount. If this amount is say, not 
within 4% of the billed amount, then an error message is given for 
investigations. 

Example (v) For arrays of numbers, both horizontal and vertical totals may be 
summed up for verification. 

(6) Cross Checks may be employed to verify fields appearing in different 
files to see that\he results tally For example, the quantity received, quantity in- 
voiced by the supplier and quantity ordered may be compared. Incidentally, it 
may also be necessary to effect a check on the units of quantity. Fraud is possible if 
the unit is gm cn the transaction whereas the standard unit in the master file is kg. 
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Transaction Checks 

(i) Sequence Checks are exercised to detect any missing transaction off 
seiially numbered Touchers (subsequently transcribed for computer processing) or 
erroricoub sorting 

(ii) Format completeness checks are used to check the presence and position 
of all the fields in a transaction. This check is particularly useful for variable data 
field records. 

(ill) Redundant data checks are used in sequential processing Matching keys 
of the transaction record and its master record may not be deemed enough. One 
may, in a sales application for exarrple, want to compare, say first five characters of 
the customer’s name 

(iv) Combination checks. Credit against shipments is invalid and ought to 
be rejected. 

As another example, consider the following set of codes : 

Type of Transaction Type of Customer 

A (Payment on Credit) 1 (Individuals 

B 2 

C (Cash payment) 3 

4 

In theory, there are 12 combinations, but, in practice, such a combination 
as A1 could be invalid. 

(v) Passwords are issued to the various users in on-line systems for proces- 
sing their inquiries. For example, the financial manager may have to enter via the 
terminal his code no., his name and say, the height of his son which was issued to 
him as his password The program will compare this against the table of passwords 
so that any fiaudulent attempt by any other employee to retrieve sensitive financial 
data IS frustrated. It is desirable to periodically change the passwoids. 

(vi) Once a user has been identified in an online system, it remains to be 
seen what he is authorised to access, read, write etc. 


Towards this an authorisation table like the one below has to be 
embedded in the data base. 





Authorisation for file A 


User 

Read only 

Write only 

ReadjWrire 

Delete 

Add 

1. 

X 



X 

X 



X 

1 



2. 






1 

3. 

X 


X 1 
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Depending upon the sensitivity of data the validity of the user may be 
further verified or authenticated by periodic requests for further information or 
reverification from the user or disconnecting the terminal and dialling back if the 
right terminal responds that will detect any masquerading terminal. 

6. Coding and classification of accounts in computerised systems 

It IS necessary to identify such objects as human beings stock keeping items 
etc. uniquely and the descriptions are unsuited in this regard. For example, 
“bearing” does not tells us which specific bearing / e , its type and size. That there’ 
exist different types of objects should suggest the necessity of classifying these. 

Descriptions are particularly unsuited for computerised applications. They 
are usually far too long and would require much higher computer time for pro- 
cessing than do the codes. This falls on the system analyst’s responsibility to 
devise the appropriate coding schemes. Although theie exist coding schemes in 
manual systems also it is usually necessary to modify these to suit the computer 
capabilities. Also, human beings can manage with bad and disorganised coding 
schemes but not the computer. The following arc the characteristics to be d esired 
of a coding scheme ; — 

Individuality. The code must identify each object in a set uniquely and 
with absolute precision To use one code number for several objects in a set would 
obviously cause a great deal of confusion. Furthermore, the code should be 
universally used over the entire organisation. 

Space. As far as possible a code number must be much more brief than its 
description. 

Convenience. The formats of the code numbers should facilitate their use by 
people. This implies that the code number should be short and simple and consist 
of digits and/or upper case alphabets. It is better to avoid the use of such special 
symbols as hyphens, oblique, dot, etc. 

Expandability. As far as possible future growth in the number of objects 
in a set should be provided for Therefore, whilst introducing the scheme longer 
number of digits/number than necessary at present may be adopted as the code 
length 


Related items must use fundamentally similar numbers As an example, the 
pattern number, the casting number and the finished part number of a component 
at various stages of processing should have code numbers which mostly resemble 
but for a digit/letter alteration to suggest whether it is a pattern, casting or the 
finished part. This is quite convenient when, for example, cross indexing which 
casting has to be ordered on the foundary for a particular part. 

Suggestiv4ncss The logic of the coding scheme should be readily under- 
standable. Also, the letters or numbers should be suggestive of the item characte- 
ristics I e , whether it is made from a casting or rolled stock, whether it pertains 
specifically to such and such model or it is used commonly by more than one end- 
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product. But this should not be earned too far in lengthening the code since it 
would defeat the purpose of brevity. 

Premanence Changing circumstances should not mvalidable the scheme or 
invalidation in the future should be sought to be kept to minimal. 

Coding Schemes 

Tailomnade classification schemes are available. For example, a classifi- 
cation scheme that is applicable to a wide cross-section of manufacturing firms 
for stock-keeping items has been evolved by Bnsch and his associates. The following 
is a typical class breakdown for an engineering organisation : 

0— Organisation and operation. 

1 — Primary materials. 

2— Bought out commodities. 

3— Components (single piece parts) to user's own design. 

4— Sub assemblies and assemblies to user’s own design, 

5_Xools and portable equipment. 

6— Plant and machinery. 

7— Building service and utilities. 

8— Scrap and waste. 

9— Reserved. 

All the items are first allocated under these headings and further sub-cate- 
gorisation may be bad. This classification would depend upon an individual firm. 
The next stage is to assign a code by allocating digits to sjmbohse the classified 
feature Each digit is supposed to designate and/or suggest some feature of the 
Item. The codes are usually kept to maximum length of 8 digits and are divided 
into two parts. The first part is called the surname or the family name and the 
second part is known as the Christian name. 

Block Codes. A block of codes is assigned to a family of materials eg. 
100— 200 for turners, 201 — 250 for fitters, 251 to 300 for drivers etc. The indivi- 
dual objects may then be assigned numbers from these blocks arbitrarily or with 
further sub- blocking. The block coding scheme has the virtue of brevity and 
simplicity but suggestivencss of the features of a part is lost. 

Mnemonic Codes. These are suitable where the codes have to be remem- 
bered by people e g , BL may stand for bolts. Mnemonic coding is particularly 
suited to tool stores since tools can be divided into few categories and each category 
may be assigned a mnemonic code e.g. 

DR for drills 

SW for saw blades. 

GR for grinding wheels etc. 



driU. 


The prehx (e.g., DR) may be followed by size e.g , 0.2 meaning 2 centimeters 


Heirarchical cIas<iification \ couple of examples are given below ; 


1 

r 

Home 


r 

Customers 


Export 


r 


a 

cx 

B 

G 

U 


I 

a 

o 

CO 


T3 


•o 

d 


cd 

> 


Accounts 

I 

I 


r 

In group 


i 

Ct 

C 

o 




d 

o 


4> 

O 

d 

o 


U 


•0 

(A 

a> 

u 

R 

O 


o 

c 

o 

R 


2 

'i 

Suppliers 


1 

Outside group 
1 1 2 


India Abroad 


r 1 

Companies Agencies 

The faceted version of the classification is shown below : 
1st digit 

1 — Customer 

2 — Supplier 


2nd digit 

^ 0 — irrelevant 

1 — home or India 

2 — export or abroad 

3rd digit 

0 —'"irrelevant 

1 — company 
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1 — shop 

3 — agency 

4 — private individual 

4th digit 

0 — irrelevant 

1 — inside the group 

2 — outside the group 

5th digit 

0 — irrelevant 

1 — concessionary 

2 — non-concessionary 

This classification method can be developed for use in almost any business 
and for all kinds of office records. 

Example on Coding 

A building company operates job costing for direct labour and materials 
Each job account contains the following headings under which it is required to 
classify costs and each heading falls under one of the three general descriptions, 
substructures, superstructures and internal operations ; 


Internal drainage 

(sub-structures) 

Pre-casting 

(super-structures) 

BoofiDg 

(super-structures) 

Plumbing 

(internal operations) 

Elevation brickwork 

(super-structures) 

Site clearance 

(sub-structures) 

Electrical 

(internal operations) 

Foundations 

(sub-structures) 

Joinery 

(internal operations) 

Glazing 

(internal operations) 

flastering 

(internal operations) 



Vou are required to : 

(a) Draw up an appropriate numeric code list for direct labour costs relating 
to the above headings (max 4 digit code) as related to job number 459. The 
company wishes to control idle time. 

(b) Name the type of coding system you have used, together with names 
of the two other types of coding system. 

(c) Design a form of labour cost summary, suitable to act as a record of 
original entry into the costing records. The company normally operates a maximum 
of five jobs at any one time. 

Solution : 

Numeric Code List for Direct Labour Costs 


Cost 

Description 


200 

Direct Labour 

—Total 

210 

Substructures 

—Total 

211 

Substructures 

—Site Clearance 

212 

Substructures 

—Foundations 

213 

Substructures 

-Internal Drainage 

220 

Superstructures 

—Total 

221 

Superstructures 

—Elevation Brickwork 

222 

Superstructures 

-Pre-cast Units 

223 

Superstructures 

— Roofing 

230 

Internal Operations 

— Total 

231 

Internal Operations 

— Joinery 

232 

Internal Operations 

—Glazing 

233 

Internal Operations 

— Plumbenng 

234 

Internal Operations 

— Electiical 

235 

Internal Operations 

— Plastering 

240 

Idle Time 

—Total 

241 

Idle Time 

—Bad weather 

to 

Idle Time 

—Waiting for Material 

Job number 459 

would appear as a prefix. 




a 

\\ \> AwimeJ that, for control purposes, it Is more useful to • i ^ 

time «iih ilie j 'h .imi aniih>r its incidence due to cause. 

///nc couW he that di^iit “J* (instead of ‘2' and iolhw uaahs"s’b‘^^^' 

non , nj,', J.'J sij;iiihci ijlc nine iciMing to elevation brickwork, a 
sfgni/’v cause cou/J he used ‘ ' 

This type of code js known as Progressive Code. The Brst djgit signifies its 
man class. Dinct Libjur. The second digit sigaities the sub-group and the third 
digit, in this case taken ia conjunction with the second digit, signifies subgroup. 

LABOUR COST SUMMARY 


Code 


Job Number 


Total 

459 471 473 482 490 


211 

212 

213 

Sub-tatal 240 

221 

222 

223 

241 

242 

Sub-total 240 

Sub-total 200 
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Other types code are ; 

Serial numbers ; 


Block codes ; 

ProfcTcssWc decimal codes ; 


7 DealgB ^ Documentation Once the specification and standards for 
mputs. output and files are lard down all that remains is to link them by compuL 
uonal requirements and processing This will rreate the new system Lsign tViat 
however, remains to be comprehensively documented by the techniques of systems 
analysis and design, i.e.. system oulUnes, system flowcharts, run charts, program 
flowcharts, occis\oti labics, grid charts, fi\c storage p\ans etc. Several guidehaes Tor 
system desrgn are explained m a subsequent section which can be ignored only to the 
peril of entire system development effort U is to be carefully noted, however, that 
the initial design the analyst comes up with is generally only tentative He may 
further scrutinise the draft himself for soundness or may discuss it with the opera- 
ting managers and MIS development committee It is not at all unlikely that it is 
rejected and he has to develop a senes of alternative designs Generally, the criteria 
against which these designs alternatives are evaluated are ; cost, efficiency and 
accuracy, practicality and flexibility. However, importance of each criteua or 
objective may differ from one organisation to another The analyst has, therefore, 
to settle the weightages for the given organisation at hand very carefully. 


9. Breakdown of system Design The system can be broken down into 
routines and runs. A routine can be regarded as a piece of data processing work 
that achieves result that is usable outside the system A routine may be a part of an 
application or may cover the application in entirety It itself is made up of one or 
more computer runs A run is a piece of work on the computer that is carried out 
as a whole and in a continuous fashion. Though it is possible to interrupt a run but 
generally it is not done as it is highly inefficient. In one routine, the output of one 
run, in the form of magnetic tape, disc or occasionally in core store, constitutes the 
input to another run The output may also be printed documents that are inspected 
and amended manually before being repunched or re-read to form the input to 
another run. 

To further elucidate the discussion thus far consider an inventory accounting 
application. It can be broken down into three routines as below : 

Raw material update (Fig. 3) 

Finished Goods Update— Receipts (Fig. 4) 

Finished Goods Update— Issues (Fig- 5) 

. Each routine consists of two or more runs. 

The first routine provides for use outside the system, stock movement and 
valuation reports for raw materials. The 2nd routine provides completed production 
order summary. The 3rd routine provides stock movement and valuation reports for 
the finished goods. 
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Processing per computer run should be as large as possible, subject to the 
following : 

1. The computer’s ability to hold the mam program. If, for example, it is 
a run for stock updating all the following transactions should sought to be covered 
in one run : customer order, receipts, issues, returns, stocktaking adjustments file 
amendments It may be noted that it is generally possible to hold the lesser-used 
segments of the program in backing storage, usually, on magnetic drums. 

2. Availability of the necessary peripherals, particularly magnetic tape 

reels 

3 Printer capacity If the reports are too many and exceed the printer 
width the run may have to be split, i e , some of the (report) data being put onto a 
magnetic tape for subsequent printing in another run. 

4 The ability of the run to cope with expansion. The customer orders, for 
example, may be handled by exponential smoothing forecasting with trend 
correction sub routine for demand forecasting. It may latter be envisaged to 
incorporate a similar sub-routine for seasonals instead that occupies more storage. 
If the persent program i-, almost fully occupying the primary storage, this expansion 
would not be possible. 

5 The run’s ability to detect and deal with error messages. 

6. The run’s ability to meet control and audit requirements. 

If one or more of the above conditions are not met, the run would have to 

be spilt. 


10. Systems Manual The basic output of the system design is a descrip- 
tion of the tasks to be performed, complete with layouts and flowcharts. This is 
called the job specification manual or system manual. It contains. 

(/) General description of the existing system. 

(/i) Flow of the existing system. 

(ill) Outputs of the existing system The documents produced by the 
existing system are listed and briefly described, including distribution of 
copies. 

(iv) General description of the new system— Its purposes and functions and 
the major differences from the existing system are stated together with a 
brief statement of the reasons of advantages of the change 

(v) Flow of the new system — This shows the flow of the system from and 
to the computer operation and the flow within the computer depart- 
ment. 


(vi) Output Layouts. 
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(vH) Output Dibtribution— The distribution of the new output documents is 
indicated and the number of copies, routing and purpose in each depart- 
ment shown The output distnbuiion is summari7ed to show that each 
department will receive as a part of the proposed system 

(v«i) Input Layouts— The inputs to the new system are described and com- 
plete layouts of the input documents and input cards or tapes provided. 

{ix) Input Responsibility — The source of each input document is indicated 
as also the user department responsible for each item on the input 
documents. 

(jc) Macro-Logic— The overall logic of the internal flows will be briefly des- 
cribed by the systems analyst, wherever useful 

{xi) Files to be maintained— The specifications will contain a listing of the 
tape, card or other permanent recoid files to be maintained, and the 
items of information to be included in each file There must be complete 
layouts for intermediate or work tile , these may be prepared later by 
the programmer. 

(xit) List of programs — A list of the programs to be written shall be a part 
of the systems specification. 

{xiii) Timing Estimates— A summary of approximate computer timing is pro- 
vided by the systems analyst. 

{xiv) Controls -This shall include type of contiol, and the method in which 
It will be operated. 

(.vv) Audit Trail— A separate section of the systems specifications shows the 
audit trail for all financial information. Jt indicates the methods with 
which errors and defalcations will be prevented or eliminated. 

(xvi) Glossary of the terms used. 

11. Guidelioe for Systems Designs. Systems Design is analogous to 
preparing the architectural plan of a building and subsequent program production to 
construct the building. If architectural plan is bad, no amount of effort in construc- 
tion can mitigate it So is the case with systems design and program production. 
Therefore, the best talent should be employed for systems design The deficiency in 
systems design cannot be made up during programming The systems design should 
be outlined in the aforesaid documentation in meticulous detail so that the program- 
mers can translate in into programs without turning to the systems analyst for further 
explanation. Some of the important guidelines for a successful systems design are 
explained below. 

(A) Pi^duct structure is prescribed by the engineering department and it 
depicts the geneology of various products. It is a basic document upon which 
several functions, indicated below are performed. 

1. Forecasting the demand of components of variable or optional product 
features. 
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2. Net component requirements calculations. 

3. Inventory oontroi. 

4. Purchase of raw materials. 

5. Cost accounting 

6 Spare parts requirements calculations. 

7. Assembly instructions 

8. Quality control. 

9. Catalogue and field service 

10. Warranty administration, etc. 

If, therefore, the product structure is not put properly in the computer file 
and is not updated promptly for any changes by the engineering department, which 
may be highly frequent, all these functions will go astray. The systems analyst must 
take utmost care for designing the product structure files and the allied updating 
procedures. 

(B) Develop clear program specifications. Computer can solve only well 
structured problems, i e , problems whose solution procedures are sufficiently well 
known beforehand Therefore, what the system is intended to do and how it is to do 
it should be explained in meticulous detail and unambiguously. Furthereroore, all 
the contingencies that can arcse in the execution of a program should be covered in 
the flowcharts or decision tables Exceptions may have to be handled by turning to 
special programs or by signalling for human intervention. 

If this IS not so, the programmers would be looking to the systems analyst 
who may rot be easily available or even may have left. The points brought by the 
programmers may call for reconsideration of the systems design— an expensive and 
disruptive situation indeed ’ This would imply that the .systems design was either 
not well thought out or was not well documented by means of clear specifications. 
Some of the documentation for stating the program specifications has already been 
discussed under techniques of systems analysis and design. There are quite a few 
recommended methods and formats for documenting the design. But this is not an 
important point The systems analyst may even write the program specifications in 
plain English. The quality of program specifications is m inverse proportion to the 
number of times that a programmer will have to come back to the systems designer 
for a sytems design decision, explanation, or clarification. 

(C) Integration. This matter was highghted at the outset of this Study 
Paper. Computer can perform several functions in one stroke by viitue of its 
superior information handling power Integrating means knitting together more than 
ane application encompassed by the system. Integration does not necessarily mean 
that all the applications are integrated together. A few applications may be so 
ntegrated that they are open ended to allow subsequent knitting together of more 
ippiications Such a system too is an integrated system. The following are the basics 
)f integrated data processing : 
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(i) Data base. No data field is duplicated in data storage. Duplication is 
uneconomic as also error-prone. 

(m) Source data is entered once and once only and thereafter is compre- 
hensively processed for all applications. The customer order, once input, may be 
processed for credit appraisal, followed by stock updating, followed by placement 
of replenishment orders, etc. It would be ineflUcient to input the same data over 
and again. Likewise, the data from a production job ticket should er ter the system 
once only and processed for job costing, payroll, work-in-process and so on. 
Obviously, such comprehensive processing requires various files suitably linked by 
means of indexing and chaining into a data base It is desirable to input the 
source data via magnetic tape that can be read very much faster than the source 
data media. 

(ill) Flexibility. The system should be open-ended to permit fusion of 
further routines and applications. Also, the data base should be resiructurable to 
allow such expansion. 

Integration, however, adds to complexity Cost and delay are the problems 
associated with complexity Also, there always lurks a fear of major system failure. 
The more integrated the system the more time consuming it is to implement it Also, 
It IS extremely difficult to modify it to suit the changing environment One answer to 
these problems lies m properly documenting its design and logic The other answer 
lies in modular design 

(D) Modular system is a concept borrowed from modular production In 
modular production, several end-firoducts of different models and sizes are assem- 
bled from a few standard sub-assemblies The modular system concept is a 
method of breaking down a system and its programs into their lowest level com- 
ponent parts, i €., modules so that the modules can be logically grouped for 
implementation and case of making changes For example, the finance function 
can be sub-divided into three intermediate modules which can be further sub-divided 
into minor and basic modules as depicted on. Page 64 

There are three major advantages of this approach. 

(a) It enables to develop a system, and applications within it in a planned 
and orderly fashion. 

(b) The individual program modules, segments or sub-routines can be altered 
and substituted without the entire system collapsing like house of 
cards Also, this facilitates allocation of programming work amongst 
several programmers Programme perparation is made easier m many 
way , flowcharting is simplified, documentation is made easier , and 
debugging is facilitated because errors requiring correction of one 
module should not affect others, this being so because each modules per- 
forms a separate function Generally, therefore, these modules should 
have no interaction with each other, interacting primarily, if not 
exclusively, with the program’s control module. Thus, a program using 
modules will essentially consist of a small control section that does 
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initialisation for the required application and calls the program modules 
in the proper order, 1 his is depicted in the figure 6 on page 65. 

(c) Some of the modules may turn up at more than one place , the pro- 
gramming effort IS reduced since the programs already prepared can be 
used again. To illustrate this point a modular break down of an 
accounting function is depicted in Fig 7 on page 65. It can be seen that 
the “Labour Cost Distribution" module (indicating by arrows) appears 
twice. 

(D) The concept of modularity offers a breakthrough in grappling with the 
exorbitantly rising costs of software development The modules that have been 
tested over several diverse organisations can readily be assembled for another 
organisation without much of initial systems analysis studies. The development is 
thus analogous to that of pre-fab»icated concrete slabs. 

(E) Level of Automation A fully automated system is the one that calls for 
no human intervention whatever. But automation is not to be pursued for its own 
sake There are distinct human and computer capabilities that should be harmonised 
or synergised. This matter has received due attention in MlCS Study V (and SADP 
Study VII) The higher the echelion the less is the possibility of computerising de- 
cision-making, planning and control. The motto is ‘‘do not automate what the 
people can do better.” 

(F) Avoid need for informal system. Expediting in production control is 
an example of the informal system at work. Several progress chasers may be engaged 
on expediting the nianufac'urc of components against their assembly lists They 
may rush up the manufacture of their components without realising how it affects 
the plans of other components Soon after expediting is undertaken, the original 
schedule would be outdate. The very connotations of expediting suggests that it is 
undertaken to make so for the system’s m efficiency in planning. Need for such an 
informal system should therefore be avoided in systems design. This would require 
that priorities of various orders are scientifically established. And if some com- 
ponents are delayed for some reason, all the related components should then be 
deferred so that capacity is created for other products. Likewise, if a customer 
wants an item earlrer then originally, the implications of this change m priority 
should be worked down to the entire schedule, i e.. priorities of all other scheduled 
items contending for the same man/machine capacity should be suitably adjusted. 
These and related matters are dealt with in the MICS Study V and SADP Study 
VII. 


(G) Exploit computational capacity. Computer possesses an astoundingly 
high computational speed. Advantage ought to be taken of this by employing 
mathematical models where feasible. Operations research offsrs a wide ranging 
models that can be usefully applied m production control, marketing, design, finance 
and accounting and other functional sub-systems. Linear programming can be used 
for establishing optimal product mix, production planning, production scheduling, 
transportation costs from factories to warehouses, assigning salesman to different 
territories on an optimal basis, etc. Simulation technique can be used for optimal 
allocation of advertising budget, by assessing viability of introducing new products 
amidst probabilistic cash flows, for asking “vvhat if” questions, etc. Queuing theory 
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dan be used to establish the optimal maintenance gang size, number of servers at 
the tool crib, etc Replacement theory can be used to determine the optimal 
replacement intervals for items that fail suddenly, e.g , electric bulbs and items that 
deteriorate with time such as trucks. Sequencing theory can be used to cerivc 
optimal production s,..hedu]jDg rules and physical distribution schedules etc. 

Computer can also make comparisons at a great speed. It may, therefore, 
be desired to build in diagnostic checks in the program. 

(H) Avoid tailor made applications. Each manager has his own style for 
decision-making and may therefore differ in frequency and format of reports Some 
manager would plod through each and every bit of information and others may 
want just a brief summarisation and a list of exceptional items Although appli- 
cations can be tailor made to suit each and every manager’s predilections there is a 
danger that the system may soon be outdated or rendered obsolescent upon and 
shuffling m the organisation. In fact, the system should be kept independent of 
even the organisation structure since it itself is liable to change. 

(I) Computer's effect on the environment is to be borne m mind when design- 
ing the new system Computer, because of its rreat data processing speed, can 
easily react to change in engineering design, changes m schedules, etc. This is 
likely to encourage the users to change the design and sahedules more often since m 
the earlier system they were restrained to do in view of the inability of that system to 
respond to frequent changes. Thus the new design should provide for more frequent 
operation on changes. 


Systems Development Stage V. SYSTEMS IMPLEMENTATION 

Systems implementation can be as expensive as systems analysis and design 
phase as is to be realised from the diagram in Fig 8, page 68 The various tasks 
emailed in systems implementation are listed hereunder : 

(1) design specification reviewed; 

(2) space arrangement completed ; 

(3) determination of equipment additions ; 

(4) training programmes established , 

(5) plans for work flow and floor layout completed ; 

(6) design of forms for data collection ; 

(7) development of files ; 

• (8) software completed ; 

(9) formal training of supervisors completed ; 

(10) completion of formal training of operating personnel ; 
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(11) file documentation completed ; 

(12) system simulation checks completed , 

(13) system into segments cut , 

(14) test of total new system completed , 

(15) operational testing and evaluation completed ; and 

(16) new system documentation completed. 



The dependency relationships between these tasks are shown by means of 
the milestone chart—the numbers denote events listed above. 

(This system implementation sub-network is a part of the entiie system 
development network). 
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i*lanning Systems Implementation 

As h-nted above systems implementation is a fairly complex and expensive 
process involving numerous inter-dependent attiviiies It, tlieiclcie, requires careful 
planning and control that can be best carried out byCPW/FERT The physical 
control, 1 e., control on the physical progress of various tasks tan be carried out in 
the Gantt Chart version (an example given in Appendix A) of the network Besides, 
cost control has also to be exeiciscd by apportioning the activity costs period-wise 
and accumulating them into an S-curve. [The MILS students may want to refer to 
MlCS Study IV for details of the budgetary and cost control aspects of projects 
planned by networks The S-curve is an excellent device to combine the physical 
and cost dimensions ol a project network Not only the physical slippages or 
achievements can be fruitfully depicted but also the cost variances for which periodic 
variance reports may be compiled and circulated to the concerned ] 

Some of the leading tasks of the implementation phase are discussed below 

Acquire space and plan space layouts It would be foolish to be stingy on 
layout expenses and human environment when so much is being expended on 
system analysis design and implementation. A bad layout can not only drastically 
reduce the productivity of the D.P. department but even that ol the entire organi- 
sation as a whole. The MIS project manager should pi epare a rough layout, make 
cost estimates and get the budget approved irom the management. [The interested 
student may also want to refer to MlCS Study II for further details ol space layout ] 
Layout planning must be done well in advance order to peimit acquisition cl long 
leadtime items like air-conditioning equipment and training ol the operating person- 
nel, The following factors should be taken into account for space planning • — 

(i) Space occupied by the equipment, 

(ii) Space occupied by people. 

(ill) Movements of equipments and people. 

Education and training. It was emphasised at the outset of this study paper 
that the computer can alter the jurisdictions of the existing departments some of 
which may even disappear. The changeover can indeed be a traumatic experience 
since It will disturb the existing daily routine Those affected by the change have 
therefore to be educated for the new setup. The education phase may start after 
procedure development is over and may continue sometimes after the new system is 
operational. Education is to be imparted to the department carrying out the 
change over (v/z , production and inventory control departments directly affected, 
accounts department which itself is not yet included for computerisation) and 
scnior/middle management who will be indirectly affected. Ways of achieving this 
are ; 


(i) Articles in staff magazines. _ 

(ii) Organising visits to the computer room. 

(ill) Discussion meetings inside or outside the company’s premises but at the 
edtapany expense, aimed at broadening people’s minds to accept the 
change dispelling the mystique of the computer and allaying any appre- 



hension There has also to be a comprehensive training programme 
intended to teach the employees how to do the new job in new ways. 
Such training program will require: 

Handbooks and manuals. 

Lectures and demonstrations. 

Examples of new documents, etc. 

Development of Files This activity normally develops into the following 
sequence of events . 


(0 Record data in the existing files on specially designed input documents, 
(ii) Transcribe the data on a suitable medium viz punched cards and verify. 

(ill) Use a tailor-made program to read transcribed data and then output 
the required liles in the format needed by the user program. 

A major problem at this stage crops up. It is that of converting a live file 
e g , stock file. It must be converted at a specific date and thereafter an amendment 
correction procedure adopted This calls for still more clerical work Besides, the 
converted files cannot usually be more accurate than the original files and, perhaps, 
less accurate. The analyst must therefore continuously strive to satisfy himself on 
these counts Are the data in the source file correct ? Is staff available to check 
source records "> What can they be checked against ? Is there any chance of get- 
ting control totals ? 

Software development would comprise two parallel activities ; program pro- 
duction and procedures development The former is adequately discussed in Study I 
Not only the routine computer operation upon implementation has to be supported 
by procedures but even some of the implementation phases. Supporting procedures 
for routine operation would include, for example, issuance of production document- 
ation ; work orders, operations lists, requisitions, bills of materials, reporting of 
progress on production, etc. Supporting procedures from implementation phases 
would, for example, include those for testing the system discussed below. Also 
important are the conversion and auxiliary procedures. 

Conversion piocedures are intended to provide smooth transition of change- 
over from the existing system to the new system. These are in the nature of one 
shot i e , once the new system is operational they are discarded. 

The auxiliary procedures consist of back up and recovery procedures. Back 
up procedures deal with how the system is to be operated perhaps manually in the 
case of a major hardware failure. If, for example, there is a failure of the real time 
system, the organisaBon may have to resort to batch processing instead of on-line 
processing. Recovery procedures deal with the transition from failure of recovery. 

Testing the System. Tests would consist of system component tests, sub- 
system tests and total system tests. The components may comprise equipment, soft- 
ware, procedures, reporting formats. With progress on installlation of the com- 
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ponenti the sub-system may be tested. These tests require verification of multiple 
inputs and complex programming logic. Towards elucidation of these consider 
computerisation of the following organisation : 

Manufacturing organisation X has a standard costing system which is used for 
pricing and manufacturing accounting. The system is not satisfactory Reports are 
delayed, standard costs are not accurate and analysis of variations with actual has 
become difficult. Products manufactured have multi-level sub-assemblies which are either 
purchased or manufactured. Changes in design are frequent 

The multiple inputs here, for example, would be engineering changes and 
progress on operations on the shop floor for the affected products Likewise, re- 
scheduling of co-components of a product upon delay in completion of a few of its 
components and related products because of the capacity thus created would consti- 
tute quite complex a programming logic that requires extensive testing Also it may 
be desired to verify if human beings are interfacing satisfactorily with the various 
computer equipment. For example, it may be seen if the operators are happy with 
inputting data for completion operation via CRT’s or such turnaround documents 
as partially pcr-punched cards. Incidentally, this also provides a check on the 
quality of training being imparted. It goes without saying that such component 
and sub-system testing may call for some redesign of the sub-system Finally, the 
total system has to be reviewed by means of simulation experiments etc , (Ref ; 
Appendix to Financial Management Study V) and this may continue over several 
months from once the new system is operational. Programs may be debugged with 
real life data, files cleansed and forms redesigned. 

Transition to the new system may be bad in one of the following four 

modes ; 


(/) Instal a new system in a new organisation which has just been designed 

(n) Cut-off the old system and instal the new one in its palce on sudden 
basis. This method is particularly attractive for smaller organisations 
where implementation can be done within a couple of days or so How- 
ever for larger organisations loo advantage can be taken of the plant 
shut downs and implementation earned out during that period, 

(ni) Cut over by segments. Under this approach the system is implemented 
by sub-systems and therefore system implementation can run in parallel 
to system design, i.e„ one application is being implemented other sub- 
systems are concurrently being designed. This method has the dis- 
advantage that alternative systems cannot be evaluated It is possible to 
adopt this approach for such systems as inventory control, for example. 
Then it is called pilot conversion Some of the inventory items are put 
on the new system and the result assessed. Subsequently the entire 
Items are covered by the new system. 

(iv) Operate in parallel. Such a sub-sy'tem as payroll has similar outputs in 
the old as well as the new system ; therefore the two systems can be run 
parallel and the results compared. But implementation has to be con- 
sidered more broadly. There are numerous other activities of implemen- 
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tation which have to be taken into consideration. We assumed that 
systems specifications and details of faciJiiies and equipment are required 
as the output of the system design phase The details of the facilable 
and equipment, is a specialised topic and is discussed in following studies 
under choice of equipment and vendor 

Systems development Stage VI SYSTEM AUDIT 

Audit of the EDP or information system function is desirable at periodic 
intervals the audit should evaluate the performance of the function for all acti- 
vities The audit team niuy comprise the representative of the management committee 
of infoiination systems group and EDP audit gioup. An audit is necessary because 
of the following . 

(i) The costs involved in systems development, irstallation and imple- 
mentation arc very large 

(ii) Systems development requires co-ordination of several departments 
and activities which imy have a great and complex deal of inter- 
independcncc. 

(ill) Inadequacy in controls and planning may lead to serious errors. 
Audit can be conducted for the following aspects ; 

(i) Adequacy of management. 

(<) Information for planning, forecasting and control 
(h) Personnel problems. 

(ii) Performance iw the plan which should cover results achieved against 
the target performance 

(til) Evaluation of existing applications. 

(iv) Adequacy of controls for protection against errors and loss : 

(a) Back up provisions. 

(b) Applications controls. 

(c) Error handling procedures. 

(d) Risk insurance. 

(t’) Auditing. 

The audit and review should show the potential usefulness of the information 
system and any misdirected developments. 

For auditing the cost performance, regular, weekly or monthly-reports have 
to be prepared giving the plan and actual figures. 

Evaluation of existing applications can be carried out by periodically review- 
ing how effectively the user is using the various reports. It can also be reviewed 
the system is catering to the changes that may occur now and in the 



envlroament system. The system may be evaluated for integrity at various levels af 
below : 


System integrity : This requires ascertaining how well the various sub-systemg 
are integrated into the total system ts the system flexible 7 Is the system expandable 
t.e , open enough to permit fusion of further applications ? 

Operating integrity ■ Are operating personnel sufficiently skilled ’ Is there 
enough planning and provision to take care of any vacancies liable to occur in the 
event of the key personnel leaving the organisation ? 

Internal integrity : How well the system does what it purports to do i e., is it 
producing the valid system outputs ? Is the system secure against theft, sabotage, 
errors etc. 

Procedural integrity : Are the system and the procedures well documented in 
the form of manuals ’ Are the procedures being followed in practice ? 

Regarding controls and protection, periodic checks should be made at the 
computer centre of availability and storage of back up files Application controls 
can be checked by examining how various audit lists, control sheets etc , are main- 
tained. Without informing operating staff, errors in the operating data may be 
deliberately introduced and later it is seen whether the error handling procedures are 
followed or not. 

Though the computer department may be manned mainly by computer pro- 
fessionals, It IS better that people in other disciplines are trained in computers and 
personnel are rotated between the system department and the user department s. 

Summary ; The need for system development may arise from pressing 
information problems or tempting opportunities But the need has to be substan- 
tiated by a realistic cost/benefit analysis m terms of, say, ROI This may require a 
preliminary analysis of the existing system and conception of the new system in 
outline. 


Once, on the basis of this feasibility study, the green signal is given by the 
management a master development plan should be compiled The prospective 
applications maybe scheduled with priorities generally in terms of the associated 
pay-offs but with due regard to any precedence relationships. Bccau cof this and 
the fact that the various stages of systems development contain inter-dependent 
activities, CPM/PERT arc recommended for planning and control of systems 
development. Besides, there must be budgetary control over the entire development 
cycle. 


Once the master development plan is ready, systems analysis and design can 
commence for various applications. Systems design is mainly concerned with input, 
output, file ^d forms, controls and codification design Systems specifications must 
be prepared in most meticulous manner in the form of a systems or specifications 
manual which shbuld be fully documented with input and output layouts, file storage 
plans, flowcharts and decision tables etc., so that program production proceeds 
smoothly,^ 
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Once systems design is over implementation of the new system can be under- 
taken This would require education of those affected File conversion is an important 
activiiies of this phasr. Operation of the new system may be planned m parallel to 
the existing system or on a pilot basis, etc. 

Self-Examination Q,uestions 

1. Distinguish between economic, technological and operational feasibility. 

2. ‘'The tools and techniques of systems analysis and design are used in 
every stage of system development as analytical tools, design tools and 
documentation methods ” Describe several tools and techniques which 
substantiate this statement. 

3 Explain how forms control is related to systems analysis and design. 

4 ‘ Information systems development should focus on the analysis and 
design of the input, processing, storage, output and control components 
of the proposed information system.” Discuss the rationale for such 
a statement. 

5. Discuss several input processing, output, storage and control considera- 
tions of otic of the business computer applications discussed in 
Study II. 

6. Explain how the effectiveness of information system is influenced by the 
decision maker Explain the advantages and disadvantages of individua- 
lised information systems. 

7. List the fields you would expect to find on a mam file used m a pay- 
roll-personnel application. Quote the number of characters in each 
field, and define whether they are of fixed or variable word length. 
Arrange the fields in the most logical order for processing, and draw a 
file layout for one complete record on magnetic tape. 

8. What three categories of cash flow estimates should be made during 
computer feasibility study List several individual elements within each 
category. Once these estimates have been made, what basic framework 
should be used in evaluating the feasibility of alternatives ? 

The Systems Analyst 

The profession of system analysis has come into existence. During early 
days of introduction of computers, such completely definable application as payroll 
were chosen for computerisation. The concerned organisations managed to do so by 
employing a few brilliant programmers. Since the applications were already well 
structured under manual systems the programmers neither experienced any difficulty 
in transferring these to the computer aor felt any need for communications with their 
managements. Production and inventory control applications for example were, 
however, quite different These applications are notorious for not having worked 
■—11 nnHpr manual systems. Programmers, well-versed though they are in the com- 
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puter technicalities, could mt understand how they operated, not to speak of how 
they should work. Managements were unaware of the computer capabiiities, if not 
dreadful of its mysteriousness, and could not communicate to the programmers what 
to expect. There was thus a blind spot subsequently filled by systems analyst who 
were specialists in both information systems and computers They were aware of 
integrative power of the computer and could take a systems view ot the problem as 
opposed to the programmers who had too narrow a view of the problem and the 
management who were usually interested in compartmentalisation. 

Scope . System analysts arc not concerned with such physical systems as 
power stations They deal exclusively with information systems whether it be a 
commercial, manufacturing or consultancy firms, computer manufactures and 
suppliers or givernment and educational institutions. Nevertheless, the 
broad principles guiding his approach, whatever the type of organisation are the 
sime They are also variously known as systems designers, systems analysts and de- 
signers. systems investigators, system implementers. information systems experts, etc,, 
etc Though they are usually associated with the introduction ot a computer system' 
or replacement of a computerised system with a more advanced one, now a-days, 
they may also be engaged on merely overh.auling a manual system without bringing 
in the computer or unit record equipment. 

Dulles : The list of the system analyst’s various activities can be compiled 
by the student in the light of the previous discussion on systems development. Any 
how, his range of activities is outlined below : 

1. Investigation of the existing system by means of interviews, question- 
naires and observation This IS done with a view to spot inefficiencies, 
bottlenecks and problems, to elicit systems objectives as well as support 
from the management and to establish constraints and criteria for 
evaluation of the alternatives of the system design. 

2. Conducting the technical, operational and economic feasibility study 
and participating in the development of the master plan. 

3. Analysing the existing system, determination of information require- 
ments for applications embodied in the master development plan. 

4. Designing the new system for inputs, outputs and files and documenting 
it with flowcharts, decision tables, file layouts, etc. 

5. Assisting with implementation and maintenance of the new system. 

The range however would vary depending upon the size of the organisation. 
In smaller and even some larger, organisations, the duties of a systems analyst and a 
programmer may be combined and entrusted to the systems analyst. This has the 
advantage of annihilating the communication problem between the two and the 
consequent delays However, it is usually difficult to find a person who is both 
extrovert enough to be able to work to others extensively in their “languages” as 
well as be able to work individually on programming. Rarely one finds an individual 
possessing the capabilities. 

Backgronndi It is expected that a graduate in business of computer 
sciences should become an able systems analyst. Besides the educational back- 
ground, is desirable that he has had practical experience m diverse organisations 
and departments. Ideally, much of the experience should have been gained m 
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accounting, costing, production planning and control. Persons with long experience 
in one department alone tend to be biased in outlook. Likewise, it is not useful that 
programmers become successful systems analyst. 

Knowledge ’ The system analyst should possess some knowledge of program- 
ming and the leading programming languages. More important, he should be 
thoroughly conversent with the range of computer equipment currently being mar- 
keted and the associated software He should also be familiar with various office 
procedures and O & M. He should also possess knowledge of preparing question- 
naires, undertaking sample surveys and analysing the results. 

APPENDIX A 




Ganu Chart^psiOn Of The MIetwork 

The network at the top has been laid down m a square fashion to scale to 
facilitate indication of progress by hatching the activity bars periodically. The 
systems implementation sub network and even the entire systems development 
network may be so laid down to facilitate progressing. 
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1. INTRCDUCTION 

Study Paper III was concerned with the systems analysis process. Systems on- 
alysis was singled out For special attention in Study Papar III because of its critical 
importance to the success of the data processisg effort. This study paper discusses the 
organization of a data processing department and shows how various aspects of its 
operation should be monitored and controlled. 

i 

2. ORGANIZATION OF THE DEPARTMENT 

I 

The single most common and luost expensive e'/or in computer management 
is to leave policy-making entirely in the hands of computer experts devoid of exposure 
<0 and expertise in ma- gement and without organization status and authority essential 
t;> make extensive changes in procedures and policy. The genera] management of the 
computer department must be entrusted to experienced managers who ai^ncdate the 
special characteristics of the company^as well as the potentialities of the computer. To 
be sure, systems and programming spedaiists have an important part to play but they 
do not have the perspective to decide what will be useful to the company. As far as 
possible, their role should be restr.cted to advising on what is technically feasible and 
how best it should be processed on the computer. 

Histoncaily, the computerisation often starts in a particular department, the com- 
puter having been acquired in view of clerical overloads or the special problems and 
ci iiactenstics of that department, and this fact colours the choice of appJicatioas and 
t.hc utilization of the computer for all time. In two out of three cases the computer 
starts in the accounts department bcv 'use it is here that company expansion is quickest 
to make manual system creak and gr an With such beginnings apfriications tend to 
be accounts oriented and these, being r. ainiy con-emed with replacing men by mach- 
ises, r'ay not be very profitable. Also, the computer becomes the exclusive preserve 
of the accountants and the other dep. -tments may stay away from using it. They 
may even be actively discouraged. Simi) irly, computers that start in the projects, lab- 
oratory or the research and developmei t wing tend to stay focussed on engineering 
applications and may miss the most profitable opportunities. In fact, the most useful 
systems often cross departmental lines and an interdiscipilinary approach to the appiic- 
tion of the computer is essentiil , 

J 

From such experienoe has emerged the concept of locating the computer in an 
independent department, which may also cover other management services, headed by 
a ‘H'op Computer Executive” (TCE) who is responsible for the totality of the working 
of the computer department. This ensures independence of the OMnputra' centre and 
establishes its image as a corporate aid for use by any department whidi needs it. It 
is dw re^nsibilty of the TCE to soeen, if not initiate, all j^posah fmr compoter sys- 
tems, to supervim their analysis and implementation and, in retro3pect,to assess then 
effe cti veness. He should also be reqi o psi b ie for periodic audits of the Gompater effort: 
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and for preparing and updating the implementation plan. Typically, the TCE 
reports to top management ir he is not a part of it. 

Usually, the TQ2 is also responsible for activities other than computer appli- 
cations. These, typically, indode Operations researeh activities, organization and 
I methods studies and improvement in clerical systems and procedures. Some TCEs 
mav also be involved, in corporate planning and financial budgeting and audit. 
The department is usually called Management Services or Information Scrvict> and 
covers a variety of staff functions. 

”erhaps the most important function of the TCE is to work with nanagers in 
other parts of the corp>oration and plan applications with them. He may have to 
“sell” computer methods to them, bring them down to earth on present day computer 
capabilites or just toss some ideas around It is these managers, a^ler afl, whose 
departmental functioning is going to be affected be the computer systems and unless 
they arc involved in planning the progeny is apt to be i!i-bom or malformed 


A study conducted by McKinsey and Company suggests that line management 
•niolvement is a crucial factor >n the success of cor^puter effort 

“Advanced computer application concepts with potential impact on the central 
activities of a corporation, must have sponsors high in the management pyramid to 
plead their case. Tt takes enthusiastism in management leadership to gain the commit- 
ment of 4xrating men— a id it takes teamwork between operating men and computer 
professionals to turn imag' native concepts into practical reality. Indeed, knowlcge* 
able and well mdtivated operating managers are likelv to be a better source of id^ 
for for profitable changes in operations than are computer professionals. 


In almost every industry, at least one company can now be found that is pio- 
\ neering in orofitable new uses of computers In such companies, the key to success 
has been a strong constructive interest from corporate operating executives who have 
put their heads on staffs to work on computer development project. It may soon be 
universal practic'* to transfer operating sti^ to computer development projects, either 
by making them members of a project team or by attaching them for a year or two to 
the corporate computer staff.” 


The study also showed that in the more successful computer users the line 
^najnagement was involved in T0*>i of the organizations with identifying computer 
ppportunhies, in 43% with specifying payofik, in S0% with staffing and/or managing 
IMojects, and in 40% with accounting for results. Among the less successful users 
there was considerable less involvement, with only 22*^ companies using line 
management to identify opportunities, 15% to specify payoffs, 29% for staffing and 
managing inojects and only 15% in accounting for results. 


1.2. Sinctwe af the Coapatcr DIvtainK AndBckat (XMnputer dqiartinait requires 
that a cotain number of dk-jwt ftactiaDi be pet fo med by trained personnel who can 
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be assigned responsibility for them. The aggregation of these functions into conveni- 
ent executive designations is less important, and the structuring can be done in any 
number of ways, depending on the size of the department, the personalities involved 
and the relevant corporate policies. It should also be remembered that the computer 
division will usually be a part of larger management services department and the 
computer muiaaer will typically report to the TCE who will also have ma.iagers for 
other services, reporting to nim. This is probabely the most efficient way of organi- 
zing these functions. In a small department, the TCE may hare computer personnel 
as well as operations research and other personnel report’ ig directly to him. P 

The role of the TCE is to provide oentialized planning and control. If a com- 
pany has a number of geographically distant computer installations be must provide a 
imiM corporate policy and co-ordinate all development In r<hat is probably the 
best organization, applications are af^rroved centrally with the major put of tlw sys- 
tems analysis and programmine also being carried out centrally under the guidance 
of die TCE. The computer staff merely run the programs. The staff may maintain 
the programs and carry out minor amendments from time to time, but the basic 
authority for systems maintainance must be centralized. Staff may be loaned from 
the central pool to vuious installations as and when requited for implementing appli- 
cations. While central control may lead to some delay in approving a.id implemen- 
ting systems, it is essential to prevent expensive duplication ot effort among the vui- 
ous installations 

The question arises to whome the TCE should report in the company organi- 
zation. As already emphasised the earlier practice was to make the TCE report to 
the controller or a financial executive. This was, perhaps, also the legacy of the *unit 
record equipment whose incharge was placed under an accounting manager. But 
computer is not lust an extension of the unit required equipment. Its applications 
transcend the mere accounting transaction po itioa for stock control, payroll, A/c 
receivables, etc. In fact, the accounting applications, in a well-planned computer 
system, would coj.stitute only a secondary fracti m, i,r., usually a by-product of com- 
puterising the main - line functions. Therefore, <t is increasingly the trend now-aKlays 
to delineate data processing from the accounting function and make the TCE to re- 
port to the chief or the deputy chief of the organizauon. And this trend, it seems, 
woulid continue inexorably. ' ^ 

The table of fig. i lists the various ftinctions for which the TCE is directly 
ultimately responsible. In this table, co.iceming ourselves for a white with level 3 
and belon, three major groupings of functions as below exist : 

1. (Systems Analysis 
IProgrammmg 


*Unit record equipment a discussed in the Appendix to study v. 





2 . OpemuMH. 

3. Others. 


In evol^^ the data p roccsang orgatmtioo for these functions two points as 
beknr have to hr bonie in mind. 


1 . EfBrleat oommankation aoKMgst these functionaries as well amongst them 
on the one hand and the user dep y t me ots tm the other. 

2. Productivity of the co m p uter system. 

It might appear •'“rprising tater on that productivity of the computer data 
processing department, systt jos and i»ogramming in particular, is not too much affee* 
ted by how this departmoit is internally organised but how the user department are 
organised ! 

l^e shall first coniine our attention to the functions of systems analysis and 
progmmmmg (SAP) and d.p. operation oomfuising key-punching, and other auxiliary 
eqniinncnt and computer operations. First of all it is highly desirable that the heads 
of these two functions (SAP and OperatioBs) report to a common superior because they 
have a high degree of mutual impact, e.g., the documentation evolved by SAP would 
be used by Computer operators programs would be put on punched card decks etc. 
by the keypunddng operators and as such there would be a great deal of conununka- 
tkm between the two. Also, it is necessary for them to be headed by one person 
because the user would not care whether his problems are to be attributed to SAP or 
Operations. 

Now let us take the internal organisation of the SAP staff. Three possibilities 
exist here. 

Organisation by Applications as depicted bdow ; 


SAP Manager 


Application I 


Application 2 
Fig. 2 


I 


Application 3 Application 4... 




This organisation has the following disadvantages and, therefore, it is not usnally 
employed in pmcCioe. 


AppQBMions, as triggered by the systems audit phan of systems deveippment, 
oonm and go ; therelbre, fliere is a probism of popetnal leorganisation. Also the 
systems aonlyrii and inogrammen cannot pin indqith knowledge of any business 
ftmetion, IftonHilcetmg, etc. 
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Orgatisation by Internal Function (S^tems and Prognuoming function). 




) 


Under this scheme, the systems and progianuning functioa n siioed iqi into •n««h 
sub-functions as systems analysts, systems design, systems implementation, program- 
ming, program maintenance and assigned to different systems analysts and program- 
mers on a permanent basis, as depicted below. 



SAP Manager 

I 

I 

i 


Systems Systems Systems Programming... 

Analyst Design Implementation 


Fig. 3 

This arrangement is. too, fraught with a few practicai disadv.totages, as below : 


(i) The persormel still cannot gain any in-depth knowledge of busmess func- 
tions. 


(ii) There arise sevcie communication problems between systems analysts and 
systems designers ; and systems designers and programmers etc. This, 
then, leads to a large amount of documentation as well as confusion and 
wastage of time. The user would not know to whom to contact for his 
problems * 


Organisation by Busmess Function as depicted below. 

SAP Manager 


R & D Marketing 

TN 

* Here a team of systems analysts 
function. This, then, brings the communication problem down to a minimum and the 
user, too, is sure about to whom to contact for his problems ainoe, in a way, each uaer 
department has its own team of the systems and programming taloit. In other words, 
effective liasion with departments is established naturally. One problem that can be 
foreseen in this type of arrangement, however, is that of big proj^ which transcend 
business functional boundaries in that case such a project can be assigned to any one 
of die team, preferably the one to wh>ch it predominandy bdoogs. Thia would lead 
to some communication problems because the project’s use of other teams too. 


Production Purchasing Personnel 

i;g. 4 

and progranuu-^rs is assigned to each biisn>Us 



s 


This, in practice, is circumvented by employing more Iiasion men to liase with these 
teams 

Overall Organisatioo of the D.P Departmcat 

On the last arrangement of' systems analysts and programmers can now be super- 
imposed other functions for operations, etc,-, and the first two levels in the table of 
p 5 The following organisation chart thus derived is found most suitable m practice. 

TCE J 


I I I 

Systems Specification I Planning 

Assurance I 

1 ( I 

Operatioi.s Manager I SAP Manager 


' Standards Scheduling I 

and I I 1 

Releases j j [ 

I ‘Marketing’ ‘R & D' ‘Manu- Purcha- 

( Team Team factunng’ sing, 

-j j I Team Team 

Data Data Computer Library 

Origi- Preparation 
nation Equipment 

Fig. 5 

This organisational airangement is easily understood and best appreciated if the 
data processing departraert is considered as a workshop producing information from 
data. As such the operation manager is in the “line” capacity and the SAP nanagei 
in the “stafT’ capacity. 

The latter, the “staflBng” SAP staff performs functions (systems and program- 
ming) which arc analogous to engineering, product development etc , in a factory. 

It is to be noted that “scheduling” function has been kept independent of opera- 
tions, i e., it has r ot been assigned to the operations manager, who would tend to dp 
scheduling in a biased manner and is batuc to ignore or play with the priorities of the 
jobs to be processed. The priorities are best established by an independent scheduling 
section. “Standards and Releases” are interposed between systems and progianuning 
on the one hand and operations on the other. This will ensure thoit the doenments 
prepared by the former, systems and programming for operations is reviewed for 
quality, integrity and oonformanoe to standards by this section cf standards and 
ideates. 

The functitm of systems specifications assurance represents a fom of high level 
quality ctmtrol. 
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The function of planning would include level 2’s functions listed in the table 
above 


ft IS to be noted that operations manager department’s organisation is somewhat 
complicated by the fact that each of bis sections may work for more than one shift 
per day ; therefore, his sections may have to be headed by shift supervisors for each 
working shift. The operators are usually too few to have a supervisor but some 
^mong them may be designated senior operators and given responsibilitj for the shift. 

We mentioned earlier that the productivity of the computer department does 
not depend so much upon the internal organisation of the computer department but 
that of the user departments. Strange, though, it is a fact. The reason lies in the fact 
that the user departments tend to bombard the SAP staff with illbaked job proposals 
for computerisation partly with the motive of getting too much of their work compu- 
terised and partly because of their lack of knowledge of the computer with the ’■esult 
that no inspection is performed on these proposals for their quality and resonableness 
which has to be done by SAP Thus SAP staff spends most of Ihcir time m evaluating 
these proposals for computerisation which results into backlog of projects and requests 
for additional service. The users have a homework to do here, which they cannot do 
if they lack in computer knowledge. Thus it is to be strongly recomme-ded thab each 
department has one of its senior member exposed to computer who can appraise the 
proposals and forward only those to the d.p. department which are reasonable 


The ideal organisations for small and medium installations are shown in figures 
6 and 7 respectively Hovcvir, m multi division corporations it could become very large. 
The outlines of the Computer Services Organisation of an American Oil Company m 
Fig 8 shows the basic structure of a large organisation. 

This company has seven disUnct computer installations, called Data Service 
Centers, to emphasize their role of providing a processing facility for systems applic- 
able to the various depr "iments. The Data Service Centres are under the control of 
managers equivalent to the Operations Manager in Figure 2. Each of these managers 
IS supported by staff for computer operations, input/output and data preparation and 
IS responsible only for the running of the various systems on the computers, minor 
pieces of systems modification and the general adminstration of the installation. They 
^port to a Manager Operations, Data Service Centres, who reports, in turn, to the 
General Manager, Information and Computer Systems. An additional management 
layer is introduced between the Computer Manager and the Opetations Manager to 
reduce the number reporting to the Computer Manager. 

All systems development is centralized and headed by a Manager, Information 
Systems reporting to the General Manager. Four managers, heading Technical 
Systems, Business Systems— Head Office, Business Systems -Field, and Equipment 
Systems report tc him. Each of these managers has other managers reporting to him, 
these beiiig in-charge of an even more limited class of systems such as the Systems 


r 
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MinM|{er — Engineeriiig, Systems Manager — Chemical, etc. The Business Systems 
Mangers have rather extensive wganntions below them. A Supervisor, General 




















Figure 8 

Service, also rqports to the Manager, Information System, and is responsible for cent* 
ralined records management, maintaining an information centre, and general adminis* 
tration and control. 

In addition to these systems organization, there are seveial committees m inter 
departmental organizations for developing information systems in the specific corporate 
areas of persoimel, tranqwrtation and supplise, marketing, finance, purdiasing, and 
manu&cturing, and one to develop systems for a subsidiaiy company. Each commi- 
ttee is beaded by the appropriate manager and composed of opeiatmg executiver 
' and personnd from Information Systems. These teanu are jointly responsible for dev- 
eloping and implementing new systems on a centralized basis. Later, the systems are 
handed over to the r^ional Data Service Centres for running. 

The company has had an extremely successful computer effort A large part of 
the success is due to the key concepts that are implemented ; an independent informa- 
tion services deportment and the inter-departmental systems organization that develo- 
«|^ systems with line management co-operation and top management sui^rt. 

2.2 Dual Re p or ti n g . If the student thinks for some time about the organiza- 
tion structures that are recommended in this Study hper for the EDP dqpartnent he, 

' will realize that a dual oiganizatkm structure is p roposed. On one level the personnel 
are respcmsible to die EDP department and report to l u periot i in this department 
On another level, systems analysis and progranunen are constantly assigned to one or 
more projects and rqport to the project maxmger who is usually a -manager for one of 
the oOer owporate departments. 
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While the dual reporting structure does create some problems, a central data pro- 
cessing department is the only way m whic^ a pool of professional talent can be main- 
tainetf, with proper channels for advancement. On the other hand, the project organiz- 
ation IS necessary to allow the systems analysis and programming staff to learn about 
the systems from the departmental staff. It aLo involves the departmental manageres 
in the creation of the new system. In doing so, it ensures their involvement and their 
commitment and control over its design. This allows them to change the procedures 
and the functioning of t»'e department to malre the best of the technology. ItisthesV 
changes that lead to truly rewarding systems Merely mechanizing existing manual 
processes is rarely very profitable. 

2.3 Using Consultant and Package Programs : Whan a new system is to be com- 
puterized, the manager should consider alternatives to getting it done by his own staff. 
The two alternatives that are gaining increasing acceptance are the use of consultants 
and the use of package programs 

Consultants can be used to do some of the systems analysis and programming 
work Usually they are called to alleviate peak loads m programming and to assist 
in the design and implementation of the first few systems They are, however, more 
expensive than company staff but may provide a higher standard uf technical com- 
petence and introduce techniques and refinements not readily known to in-house per- 
sonnel Also, consultants make better change agents, as the opinion of an outside 
‘expert” always carries more weight. 

Systems anylysis demands close interaction with company managers and acquain- 
tance with company procedures. Thus, consultants require a period of acclimatis-'tion 
and fact finding before they begin to be useful. The extra competence they provide 
must be able to compensate for this additional cost. 

A company shackled in an antiquated wage structure may find it difficult to get 
good people at the salaries offered. In such a case consultants can be hired on a 
retainer basis for the top computer management positions Consultants also tend to 
increase the probability of meeting deadlines. Their experience tends to reduce the 
research time required to produce a system and their planning is usually better. Unlike 
company personnel, they have to agree to iixed deadlines and can be held accountable 
for them. ( 

I 

The introduction of a computer in a company may follow the pattern of a large 
initial effort, while the basic systems are assemUed, tapering down to the Implemmi- 
taiion of subsidiary systems and systems maintenance after a few years. A computer 
department planned for the starting peak may be considerably overstaffed after a few 
years. In a country with high unemployment and low job mobility such as India, it 
may be difficult to reduce the staff after the initial period. On the other hand, a 
smaller staff would delay the implementation of systems. A better alternative to con- 
tract effort is perhaps the best way to use consultants for other reasons abo. The 
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benefit of tkeir experience can be very useful in preparing the overall implementation 
plan Tor the instailation. 

A large number of “package” programs arc now available for the more routme 
and most management functions. In addition to the computer manufacturers, many 
independent companies have prodv.ced packages, and some of them have proved efiici- 
ent, reliable and easy to use. The most successful packages have been produced for 
h'mited applications such as payroll, order entry, and billing instead of more general 

t plications such as inventory control and production planning where practices and 
luirements differ significantly from company to company. 

An exceUeot way of implementing the more standard systems is, therefore, to 
look for software packages that may do the job, and if a'suitable package can be had 
it can start working in a few days instead of the months required to prqnre the pro- 
grams in the company. 

Before a package is required, however, it is important to ascertain wh^er the 
data input and output correspond to the user's particular requirement and whether the 
processing algorithms arc meaningful and useful in his en\ ironment. For example, 
all sales foreeasting packages use details of ^t and current sale as input for the 
rtiture, but it is important to ensure that the particular techniques employed are 
relevant to the user’s business The ability to conveniently add or modify facilities 
considerably enhance the applicabitty of the package. 


Scif-Examinatioa Questkws, No. 1 


The student should test fa is understanding of the preceding material by attempt- 
ing to answer the following questions Answers may be submitted for correction. 



A Why should the manager of the Data Processing Division report directly to 
top management ? What are the disadvantages if he does not 7 

B A survey carried out in Britam a few years ago showed that 66% of the com- 
puters started in the accounts department. Was this desirable ? 

What are advantages and disadvantages ? Discuss from the viewpoint of a 
manager and an accountant 

C Who should be deciding on which applications get implemented on the 
computer 7 

D. Who should be responsible for deciding on which programs are run on the 
icomputer each day ? 


3 MANAGEMENT STANDARDS 


SysuHms analysb and programming have been considered to be ‘‘artistic 
“intuitive" and “creative” and, therefore, difiioult to standardize, and control . It is 
essential, however, for management to be able to control the systems and inogramming 
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effort and to set budgets. Standards prescribe how certain types of jobs are to be 
carried out to make it easier for personnel to communicate with and evaluate each 
other. 

Two distinct kinds of standards have beat developed for EDP activities—metbods 
standards and performance standards. The former speciiy time and cost schedules for 
the work. While the former may be incomplete, Le., cover only part of the work, 
performance standards must be :x>mplete and comprehensive. It is difficult ther^ore 
to develop periormance standards for loosely specified jobs such as systems analysis 
They are a little easier, however, to develop for programming but data convetsiQj ' * 
(keypunching) and computer operations are quite amenable to performance standards. 

To educate personnel regarding standards and assist in their enforcement every 
EDP department should have a Standards Manual or a Manual of Standards or Opera- 
ting Policy, having at least five major sections 

1. Systems Analysis Standards, 

2. Programming Standards, 

3. Operating Standards 

4. Documentation Standards, 

3. Performance Standards. 

Self ExaminHoB Qacstioas No 2 

A. Why are standards important ? What is their purpose ? 

B. What kind of standards could be set up for an accounting department ? 

3.1. Systcns Analysis Standards : The functions to be standardised in systems ana- 
lysis indude : 

(a) Definition of all terms and abbreviations used in the department. 

(b) Layout of cards designs, report formats and file oiganisation. 

(c) Review of input and output documents. 

(d) Control Coding : The assignment of meaningful numbers to programs, 
systems, reports^ files and the like. 

(e) Flowcharting, 

(f ) The program specification manual : The final output of the systems analysis , 
process. ( ' 

Tedinical terms and abbfevhtions should have standard meanings. One should 
prepare a glossary of general data processing terms, and a gkissaiy of industrial terms. 
Further, the systems analysis staff should spedfy fdentificatkm procedures such 
as header andtrafler labels for tape files, and identification codes for cards. The 
Systems dqi artm e n t must also spec^ usage procedures such as 

*AI1 programs will be stored on a mu “ter progianl tape whidt wiO be updated 
every wedk and asaintained in dnpBcate. 
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*No more than one file of data shall be stored on a reel of tape 

*The standard input/output system supplied by the manufacturer will be used in 
all programs. 

Systems standards inchide the layout of cards, tapes and reports. These are 
concerned with the preparation of layouts, standard ways of making certain indications 
suck as multiple cards for single records, the organisation information on each docu- 
ment and mandatory information that must be included. 

^3.1.1. Control Coding: One of the first items to be standardised is the numbering 
’^%dheme to be used for the programs, systems, forms, tapes and other files A simple 
system may be the following : 

1. All application systems are assigned a letter c-jde (A, B, C, etc) 

2. Programs for each system are identified by the letter code followed by a 
number followed by a letter (D, W, M, Y) that indicates how often it is to be run 
Thus, A03W mean that it is the third program of System A and is run weekly, 

3. Reports are numbered consecutively within each system and the number 
followed by the number of the program that creates it. I hus, the second report of a 
system A created by A03W may be coded as 002 /a03W. 

4 Tapes arc identified by a number This will be precede*' by the concerned 
program, e g., file 002 created by A03W will be assigened AO3W00 ’ 

312. Flowcharting conventions : To ensure uniform, readable and unambiguous 
flowcharts, the systems department must prepare standards on the kind of flowchart, 
format, method of preparation and the information to be included. 

3.2 Programming Standards : The programmer translates the specifications in the 
job specification manual into machine instruction. His responsibilities include , 

1 . ‘ Creation of a program flowchart. 

2 Writing the program 

3. Checking the program manual (desk checking . 

4. Preparation of test data. 

5. Testing of programs by running with test data. 

6. Documentation of the program and its operation. 

7. Installation of the program as part of the application system. 

For each of these tasks rigid di^ipiine is necessary to ensure a uniform product 
that can be read and understood by the programmers It is also necessary for schedu- 
ling purposes and for evaluation of the programmers. 

The standards should specify the kinds of flow diagrams to be drawn, their 
format and level of detail as well as the methods diagrainming. Since program 
flowdiaiting is capable of tighter spedficatioa than systems flowcharting, a numbbr of 
specification schemes have been developed for it One of these may be selected as 
standard for the installation. 
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Programs are notoriously difficult to read and understand. To alleviate this 
situation coding standards are specified to include coding format, coding method and 
program organization. 

Coding format is conditioned by the computer system and the facilities it provi- 
des, but can be improved by setting standards on the languages to be used, the manner 
in which programs are organised and the program code is written on the coding sheets. 
Another very useful convention is the inclusion of identification information nnd com- 
ments alongwith the coding information. > 

These should be simple rules so that two programmers referring to the samt^ 
point in the program will use the same label. Standard conventions fcr naming labels 
and constants K,.y he used fa*- the purpose. 

A standard for program organisation is of utmost inqtortanoe. It improves com- 
munication as well as leads to more efficient programs. In general, each program 
must be organised along a smgle main hne of logic Complex processing in this Ime 
should be related to subroutines. Similarly, exceptions and qiecial conditions should 
be treated by braiKhes frbm the mam logic and in subroutines. All functions that arc 
repetitive and occur more than a few times in programs should I standardised. In 
fhc same way, the passing of information from one program to another should le 
standardised. 

The programmer is also responsible for creating a set of operating instructions 
for the operations staff. With this and messages from the program be is responsible 
for mmimising operator errors The programmer should specify for each program 
the instructions to be followed to set up the program, run it and take down th*- tape 
reels and the special paper that may have been loaded for it. Similarly, standard! 
have to be set for messages that indicate possible halt conditions due to input or pro- 
gram error and due to machine error Corrective action to be taken in each cast 
should also be specified 

3 2 1. Audit and Control Standards ; It is difficult to establish a general set of standard 
for auditmg. However, some specific rules that could be applied to most installation 
are the following • 

1 . All operator actions which can have any effect on the information bein 
processed must be recorded on a type writter or magnetic tape log. 

2. There must always be two operators, or one operator and one supervisor i 
the machine room when critical data is being processed to avoid deliberal 
misapplication. 

?. All information entered into the system which alters any type of moiK 
balance must be recorded separately on an audit contnd tape or ledgi 
records. 
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4. AD journals, ledgers, or other critical listings must have a sequential nume- 
ric page number Page 001 will be first page, and the last data page shall 
force a separate page to be created carrying the message “LAST PAGE . ” 

5 All data files have a minimum of two controls, verified at predetenmoed 
control “break”. One of these controls shall be sum total of aU money 
being processed, the other shall be a hash total of the field which controls 

^ the sequence of the file 

6 In all financial progrms the „(,dit trail shall be clearly defined as a separate 
part of the docu men ration 

7 Machmc check points shall be taken at all control points 

8. Ail magnetic tape files shall be retained for a minimum of three processu . 
cycles for purposes of protection and back up. 

3.2 2 Testing ; Testing of a program occurs in a number of phases. First, the pro- 
gram is checked annually for completeness and adherence to standard. Then, using 
some sample data the programmer goes through its processing manual This is called 
desk checking After this has been don. and any errors corrected, he gets a set of 
cards punched for the program and tries to assemble it i.e , see il the computer and its 
associated software acce^/ts it. A number of errors may be foqod at this step, gene> 
rally m the syntax of mdividual instrucuons of the program. After ihu he prqiires 
some sample data and runs the program with that data to test for errors in logic. IHo> 
ally, the complete system is tested by itself and parallel runnmg with the system to be 
replaced. 

It is important to ensure that desk checking is earned out and the program is 
reviewed by another person at this stage, preferably thr programmer’s supervisor 
otherwise, one may end up wasting enormous amount of human and machine time, 
later 

Test data to be prepared falls into two categories : 

(1) To test each block of the program 

(2) To test if system requirements are met 

The programmer should be responsible for creating (1) and the system analyst 
Sfor creating (2). Once the data have been creatad, these should be punched on stan- 
aard cards with appropriate identification. A set of test results should also be pre- 
pared and a formal method of testing the prognur and comparmg H with the test 
result and making appropriate analysis should be followed. 

After all of the prepared test data is processed accurately by the program, it is 
ready for production testing Production testing should b« performed the same way 
m whicn the i^rogram will ultimately operate. There should Iw no temporary oorreo- 
tions in the program. All of th. input information must be “live” data. 
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The systems analysts who designed the system ts responsible for checkii^ output of 
the rroduction test of each program. If the in-ogram ts accepted by the analyst as pro- 
ducing satisfactory dita, it is ready for a systems test. The systems test should be run 
similarly to the production test on approximately the same volume of data The 
final outputs of the systems test should he evaluated by the systems analyst and the 
u;>cr The systems test should include a run-through of the entire system, wiih fake 
end-of-quarter, conditions simulated, if necessary 

Upon agreement by the systems analyst, the programming department and the^ 
user, a parallel run shall be <r,itiated For programs with a run frequency of between* 
one day and one month, the par,:llel run shall operate for a minimum of one weekly 
cycle and a maximum two months, before the old system is discontinued If the para- 
llel run is successful the new system should be temporarily discountinued. if the para- 
llel tun produces accurate and suitable output, the old system may be discontinued 
provided that control personnel continue to evalute all output da«a Any run which 
has not been paralleled after the old system has been discontinued must be run under 
complete control of the uses department for the first t>vo times. 

All programmers should be given a minimum of two weeks on-the-job operator 
training, by acting as operators within the installation for that period of time. This 
will familianse them with operational requirements, and enable them to translate their 
understanding of operator problems into meaningful, coordinated programs and pro- 
gramming manuals 

All program testing should be done according to the * 'closed-shop” principle 
having the operator run the test under explicit instructions from the programmer. 
The programmer must prepatie complete instructions. 

An operating priority system should be established providing for at leas* three 
priority levels : priority production runs, normal testing and normal producton. 
“Crash” programs should be given priority m testing and guaranteed a maximum turn- 
around of two hours. 

Ail programmers should be allmved to observe their test runs if their schedule 
permits. All programmers should be required to observe the first production test of 
their progfiim 

Tlw progranuBer is respoasible for two sets of docaoMBtatioB : 

1. An operatmg manuai JT^ 

2. A Programmer’s manuai. 

The operating manual instructs the operators in the details of operating the pro- 
gram ; what is to be done and how to handle exceptional and error conditioiis. The 
programmer’s annual describes each program in great detail It mchides flowcharts, 
descnptkMis of the kigic of the program and the program listiafs. 

3 2.3. Maaagiimrat of Program Changes: The most serious probtem (hoed by an ope- 
latiiv tnataflatkw k the accurate mamtenance of all programs used in the c^ieiatioii. 
Operation prograan nadergo changes for a number of reasons : 



f. €%necti(lB»or Utent error* tmeovered by subnqucttt r unning , 

GInniges caused by time such as tax rate, 

i. Chafes in parameters, 

J. Ctwnges in output format, or procedure caused by a change in management 
requircmeuts, 

5. Fuuctional expansioa, 

' It IS necessary to set up and enforce a realistic control over all the required 
changes. An analogous situation exists in the maintenance ofa blue print tile in a 
manufacturing company, where a separate department (Engineering Ch^ge Adminis- 
tration) guarantees that only the latest revisions of the prmts are used. One r«n»w<t 
build a macnine or instrument with out-of-date prints or run a data processing system 
with an out of-date program or to attempt a change to a program whose documenta- 
tion is not current 

It IS recommended that a change be initiated by the user when an output of 
procedure change is desired, or it may origi >ate in the programming group when an 
error is found or a correction otherwise deemed desirable. The following procedure 
should be followed in making the change ; 

1 Establish the data or time when the change is to become effective. 

2. Determine the cost for the change and the leadtime and advise the user. 

3 Determine the effect of the chuige on the programs, and ascertain the best 

approach to making the change. 

4. Fill out first section of a change request form This contains the reason for 
Hie change, its purpose, and its effect, and the method to be used to imple- 
raeot it. 

5. The assigned mamtenance programmer shall then make the change, based 
on tne outline method 

6. Create test data to properly test the effect of the diaage. looorponue this 
in the test data already established for the program, and completely test the 
program usmg all the test data. 

7 Update the existing documentation to show the eff«:t of the change. 

8. On the effective data of (he change, replace the obsolete mformaiion with 
the current or new material. 

9. As a part of the program library system, the change should be accepted by 
the librarian, after insuring that all material is properiy iqxlated. It should 
be recorded on the program history card, and the cha^ request ihould be 
.^lled by programmer in reviskm number order. 

Saif ExnHaathM QMStiOBS No 3 

A. What are the different types of standards required for systems analysis and 
programmiog ? What m the Mflity of eadi type of ataadards ? 
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B. How would you evaluatr systems analysis and programmers using the 
standards described in preceding section ? 

C Ca’. you think of standards that may apply to the work of the systems 
manager and the chiof programmer (programming manager) ? 

3 3 Operating Standards : The computer is an expensive piece of equipment and to 
some extent, its utilisation depends on the operating staif 

Operating standards should include rules regarding conduct in the operating 
room. 

I There should lx no smoking in the machine room Besides hre, tape read- 
ing and writing problems may arise. 

2. The machine room should be kept orderly at all times, day or night — there 
should be co loose papers ; cards or other materials left on the floor at any 
time 

3. Machine room operators should be neatly dres.>ed on all shifts 

4. For safety and control there must always be at least two machine operators 
in the roc»n when power is “on” in any unit. 

5. Girds and program cksk used fw operation should be properly replaced 
immediatsi} after use. The program deck must be returned to the program 
tobrary ; all other cards are to be kept in trays, and returned to tbe data 
coordmatof. 

3.3.1. Tbs Machine Log : If equipment and operating performance is to be accurately 

evabmed, careful records must be made of the exact utdization of the machine. These 
records must be maintained by the operators and recording methods sbc’ild be carc- 
futliy iprBrd out Tbe operating staff should record the utihsation of each computer 
system oa an individual log. Ttwy should record the tune at which each job is started, 
tbe med tfor exami^, four tape units, two disc dnves) and the outcome 

(gnooessfal error, opontor ennr, etc). They should also record tbe time at 

which job ends, fhe tune reipiired to sm up tbe next job, 

3.3.2. CaMrai Fiattinn : The operating depaitmeot has five basic control funebons : 

1. Scheduiuig : a?sigament of job pnoiities ; and the establishment of a daily 
equqmieiit schedule. 

2. tH^pmdUng : insurmg that the jobs arc performed m the assigned 
sequence. 

3. HMe coordmatioft : obtainiug all tbe required i^Mit and output informa- 
tion, and mating tt avaibble'ta tbe operati^ gkoup. 

4. Da$a etm r ol : vabdatioB of nutput i^inst predt^tcraiiaed toiah. 

5. JIgsorr dlbtrttmtiett emuroi : itfiifrlag tim all repnrtt are ddeaved, deeM* 

and bwitod aa requited, dire dimribtttad to die uaore. 
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A schedule for the operation of a computer is usually established weekly, for 
each day's processing The schedule must account for all activities that can be antici- 
pated ; recurring, production, s'^ial production on the basis of requests, testing, 
asscTibly, preventive maintenance, training and demonstration. 

The first in the establishment of a schedule is review and processing of daily 
requests for production and testing time These should be submitted on special forms 

After the total number of jobs to be run has been established, the scheduling 
group assigns priorities on the basis of the requested time, the urgency of the request, 
the user, and other factors that may be relevant The general priority system establi- 
shes a “rush" (first priority), a normal processing operation (second priority), a test or 
a‘-scmbly having a pre-determined turnaround time, and an “immediate” priority for 
jobs that must be run the instant they are received. The last is generally not in the 
schedule and the scheduh should allow buffer time for these. If no buffer is provi- 
ded, it will have to be absorbed in normal processing at the end of the processing 
f period 

The scheduling system can get ver^ complex if a number of computers have 
to be scheduled with more than one of them able to run a particular job The com- ' 
plexity IS further aggravated if each machine is capable of running more than one 
program at a time In such circumstances, a special scheduling group becomes neces- 
sary, often assisted by a set of computer programmers that create the basic schedule 

The dispatching, or expediting function is olten performed by ti.e supervisor of 
the opwat ng group, (t is his responsibility to see that the schedule is obMrved and 
delays properly accounted for. A routine slip, or ticket, made out so that the opera- 
j tor will have the necessary mstructions as to where to get input datt^and whereto 
send output reports The routing ticket must accompany all input and output data. 


The data condition funtt^'^n is often combined with dispatching. The data 
coordinator’s objective is to sec that all materials required for a job are gathered in 
one place so that the operator can take over without delay. It is very expensive to 
keep the machine waiting for infos malioD, while the operator is out getting tapes or 
fasms The data coordinator, therefore, has an extremely valuable function. He 
mAtS obtain the following information for every job, on the basis of the documenta- 
tion provided ; 


I*rogram deck of tape 
Iap«t cards if any 
Paranteter cards required, if any 
hqjut tapes 

Blaajr cwds possible ou^t, if any 


♦•Free" or “SoariA** ttqia Pw output 
Necessary ’bT'^ or preprinted forms 
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Aiiy.iequi(ed(»rriageca«it»ot t8pe» . 

iob docuoientatioii 

Any odwr mfomatiocr required. 

This may be done according to the documentation kept in the liabrary, or it may ^ 
be done on the basis of a job dispatching sheet, maintain^ by the dispatcher or the 
data coordinator. 

Computer output should be validated before being sent to the user. This vi^- 
tion is not performed item by item ; it is done through the use of control total or 
total. This function is an integral part of the responsibility of the operating group. 
The output be verified to detect machine failures and omissions of operation, data or 
other vitals functions Controls arc maintained on money fields by carrying group 
totals On non-money fields hash totals or check sums arc carried and verified to a 
predetermined value 

One of the more important functions of the operating department is the hand- 
ling of printer output This includes margin removal, decollating, bursting and binding, 
but more importaet, it also iiuiudcs accurate distribution of copies of all personnel 
indicated. To perform this task satisfactorily within the time scheduled a separate 
distribution sheet is often used in the report control section for each job or procedure 

This function is becoming more and more important as printers become faster 
and more versatile. A 1 ,000 lines per minute printer produces I, tXX) pages per hour 
(printed 50 lines to the page) This will prodnee the staggering total of 4,20,000 pages 
of information for a two shift operation m one month ! The tr nd towards exception 
reporting will reduce the volume of information required but will correspondingly 
increase the importance of accurate distribution and control over confidential or set.ret t 
information. 


3.3.3. General Machine Operation : The manuai of standards should also contain a 
section describing the basic rules of normal console operation and the responsibilities 
of the operator at each step. For each job that a to be run, the operator should 
follow the operating instructions. If a programmed halt occurs the operator should 
look up the documentation and take the approriate action. In addition to these basic 
functions, the operator should so schedule his work as to minimise set up times^ >^0, 
other non-productive time on the computer. ( 


I Daring oormal operation the operator most watch the processing to detect 
malftinctions or usual marine actions. He must replenish the supply of input and J 
output cards without stopping the machine, if possible and remove and rephoe all j 
cards the machine hat read or punched. j 


2. The operator nnder no condition may alter memory ofan <^>erating pro- 
gram or run any program other than one aothorimd for operation oa the current 
schedule. He dioiild not alter any program, program deck or program tq>e without 
the explicit approval of both the opmatiiig and the programmiBg maasger. 
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3. In case of a. machine failure, data error, program error or operator error, 
the operator should follow the instructions outlined under emergency procedures. He 
must not return without authorisation or use any self constructed utility program m 
an attemot to correct the file 

3.3.4 Eaceptkms and Emergency Procednres A specific section of tne Standaids 
Manual should be devoted to the writing of exception and emergency procedures 
Exceptions procedures refer to the occurrence of an unexpected machine caused condi- 
jjAn — program error, a machine failure, an operator error, or a data error, Emergency 
procedures refer to the steps to be followed m case of a real emergency— fire, attack, 
and the like. 

EXCEPTION PROCEDURES 

1. If a programmed halt occuis, the operator should note the halt number and 
the status of files, cards, tapes and the like. The operator should then look up the 
halt number, to determine the cause and action to be taken In the event the halt is 
“endless’* — without corrective possibility — the operator should notify the supervisor 
of the occurrence immediately, and proceed to the next program. 

2. If a machine error occurs, and the machine stops, the operator should 
record the occurrence on the log and notify his supervisor and the maintenance 
engineer. The program may contain a “resUrt” procedure , if so, he must follow the 
restart instiuctions If no restart procedure is available the operator should start the 
run over from the begmning If the halt occurs again, he should turn the machine 
o\er to the maintenance engineer 

3. Whenever an exception condition occurs the operator must note all exis- 
tmg conditions on a “console” page. The same form must be used for all exception 
console conditions, including the o-currence of a program error, a data validity error, 
or an operator console error (This form is often designed as an image of the console 
enabling the operator to record the information rapidly and accurateiv ) 

4. In the event of a program error the operator should notify bis supervisor 
and the programer responsible lor the program. 

5. In the event of a data error, the operator should notify his supervisor. 

6. In the event of an operator error the operator should notify his supervisor, 
tr^he error has destroyed pertiacnt informatioo, the supervisor should also notify the 
^Wgrammer lespoosible, to assist in re^pturmg the required information. 

Pragrani Library OrgaaisatkMl The mam functions of the program librariu art to 
retain program records, issue program decks or tapes to operators and to maintain 
program revis'ons Hi *• 

3.3.6. Tage Library Organkatiea ; The tape librarian must keep records on the 
hntoiy of each tape and iuTormation about the files and their reteatioa cycles. He 
nvst ptolect die files and issue them oidy to aittborned penoooel at the proper time. 
'Hie fihiariaa shall maintain the records io aoooidaiice widi the I 
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1 All tapes must carry an identifjcathn label. 

2. The librarian should prepare a tape record card for each tape as it is added 
to the tape library, to indicate the information curtrently available on ilie 
tape Ft may also contain a record of errors encountered in reading the tape 

3. The librarian shall assign tape numbers to the tapes in accordance with 
their use The library should be maintained in tape number order. 

4 As the tape retention cycle expires, the tape becomes available lor use. 

5. If tape developes errors in the first 100 feet (this is the most likely placeTo 
experience excessive wear, because of magnetic labelling procedures which 
double the wear at .he front) the hbrarinn should strip a lengh of tape 
when the tape again becomes available tor use The stripping should be 
recorded on the reel 

6 Tapes used by specific programmers or mamicnance eagineer are to be kept 
in a separate part ol the tape libray 

7 Taf-is should not be released or taken to any area except the computer 
centre. All tapes must be transported in standard carriers and handteU 
with extreme care The area selected for tape storage should be carefully 
tested for magnetic influence from surrounding equi, such a' ''crglar 
alarms, elevators, and the like. The area should be fireproof and water- 
pr'X)! 

8 Smoking should be prohibited tn the tape library. Dust should be kept to 
a minimnm. 

3.4 Do uoientioB Standards : Proper docuirentation is essential in a good data pro- 
ccssin' ?bhshmcnt The various documents are discussed below : 

3.4.1. -ob Specifics* jo Manaal : The contents of the job Specification Manual 
have been described in btudy Hi. Mandetory changes will have to be made, but it may 
be possible to delay them until the system is operational Desirable changes should be 
carefully evaluated. 

3.4.2. Program Spedficatioos. The program specifications should be prepared by 
the programming departments baaed on the general description in the job specification 
manuAl to provide a desenption of the system at its most detailed level, and spell oigjjj 
the structure and logic of each program. Program specifications are directions to tL^ 
^>rognunmer. As such, they must be complete and unambiguous. The qjccifications^ 
for eadi program should be setf-contained. 

Esu'mates of programming tune required and computer time required for testing 
will be based on the program specificatioas. 

Programming spedficatioos should provide the foHowing rainiinum Htforination : 

General program structure. 

Input fimnats and input volumes hwhiding special eonditiras. 
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Output formats, including special conditions. 

File layout for all magnetic tape and disc files 
Addressing and seeking magnetic tape and disc files. 

Input and file processing routines to update files and produce outputs 
Program module fragmentation. 

Standards for opening and closing files, starting and ending the run 
Halts to be provided under special conditions. 

I Communication between modules and with other programs 
* Interaction with the operating system 

Detailed test data and programme for system cheek out 

The setting down of program specifications ser\ es as a freeze point for the pro- 
gram structure and design. After this, all changes muft go through a formal procedure 
of submission and evaluation before they can be implemented 


3.4 3. Program Documentation : Computer systems are usually developed in a hurry 
which often proves harmful 

Program documentation is essential for continutity and systems maintenance 
though it is difficult to devise standards for it as a great deal depends on the use 
it is intended for and on the complexity of the system It should contain the 
following : 

List of personnel on the job (internal copies only). 

Contents and summary. 

Job specifications. 

Programmer’s description of jobs and explanatory notes on programs. 

Operating instructions. 

List of flowchart symbols (customer’s copies only.) 

System flowchart 
Outline program flowchart. 

Program listing. 

Test data listings. 

Expected results 

V The job sp'^fications are reproduced as received. The piogiammer’s dcs riptions 
m somewhat more detailed, taking the place of program specifications and givtne 
details of how each program has been put togcthc' The operating insu u ■ ui' 
contain direction to the computer operator on how each program s b ' .i, 

special stationary and files are to be used and what to do in care of unusut^ . . 

and halts. 

Programni'ers and systems analysts prepare floivcharts, as initial iescr p > is 
the logic of each program, before writting (he detailed instructions for the ‘ 'ins 
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represented. The levels of flowcharts are required jn a standard system of documenta- 
tion ; macro flowchart showing broadly the inter relations between the programs, a 
snore detailed flowchart for each program showing its charactetistics in two or three 
pages ; and a very detailed flowchart with a box (an operation or an activity) for about 
evtry ten instructions In addition to this is the list of program instructions, the most 
detailed level of all preferrabiy annotated with a large number of comments to aid 
understanding 

It IS customary to test programs with a sample input data called test data. The 
results expected from this data are calculated by hand and compared with the results ^ 
produced by the program To be effective, the data should be written to cover every ^jj 
conceivable “legal" condition that may arise while the program is running, even though 
some of these may be very artificial 

3 4 4. User' Manual : Usually user's documentation explets, if anathing, too much 
instead of too little. One specifiation it does not explicitly mention, however is client’s 
manual detailing how the data should be supplied to the computer installation and 
bow control totals, master file alterations and other special conditions should be coded 
This information may, however, be included under some other heads such as job 
specifications 

It is useful, however to have a separate client's or user's manual giving the pro- 
cedures, time schedules and responsibilities for the preparation of data to be sent to 
computer installaction This provides the clerical and supervisory staff complete 
instrucrions on how to run the system without any detail on how it works. 

Self Ezamioation Qosstions No 4 

A. What is the purpose of standards for machine operation ? What would 
happen if these were not lollowcd ? 

C. Why IS good docamcntation so important for successful computer system ? 

3 5 Performeoce Standards 

3 5.1 Eqnipmeat Standards and Standards for Operating Personnel : The time that a 
computer is switched on can be divided into time during which it is doing productive 
work and time during which it is idle for one or more reasons. The productive time 
generally includes : 

Program running time 
Testing time 
Return time 

Assembly or compile time 
Demonstrations 
Trainmg 

Non-productive time falls into these categones ; 

^t-up time 
Aaiembly set-up time 
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Testing set-up time 
Scheduled maintenance 
Unscheduled maintenance 
Power failure 
Idle time 
Tape testing time 

To ensure an efficient computer use there must be methods created for estima- 
each of these different times for each working day 

In a business application, the productive or machine operating time vanes almost 
directly with known and measureable parameters. Thus, in a printer or tape-limited 
system the productive time is in direct relationship to the pnntmg or the amount of 
tape processing required by the program For any given application these factors 
may be calculated m advance, so that the onl do-to-day variable is volume, or 
number of recoras 


With manufacturer supplied programs, a general timing formula is usually avai- 
' lable The variables which effect the calculation are the file volume, the record length, 
and blocking factors Calculation of the standard time therefore entails simple airth- 
metic once the parameters are known. 


If the approach is general, the objective is to establish standard percentage of 
compiling time in such a way that analysis of total machine usages indicates where 
total assembly or compile time has exceeded the norm Thus, if the monthly machine 
utilization ane<ij(;»is showed the following ; 

Productive Time lf4.3 hrs 40 2% 

Compiling Time 15 4 hrs. 4.0% 

^ the analyst, or the manager, would be able to recognise this as “acceptable*' or not 
depending on the standard The standard, therefore, can be a percentage of total 
time, or percentage of productive time, or total number of compiling hours that can 
be considered acceptable under normal operating conditions 


The specific approach relics on estimalmg the number of compilitations required 
for each pragram based on its size aud complexity It then estimates the number of 
programs that will be in various stages of preparation during a typical week and uses 
lipiB to set a standard for compiling time 

‘ ‘ The standard time required to set up a machine system that docs not operate 

under monitor control is a direct function of the number of equipment unit to be set 
up. There are two aporoaehes to developing standards 'or set up time The general 
approach standardises set up time as a percentage of productive time This is deter- 
mined by study of th9 setistical time for each set-up operation such as mounting a 
lape, setting up a card reader, loading a printer, etc. The set-up operations and the 
running tim; are then determined for the average program and used to set the stan- 
The specific metuod uses the same device set-up times but computes them for 
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eech program and then, knowing the programs to be run, determines the set-up for 
each day 

Many installations use a monitor program to assist program loading and sche- 
duling When a monitor is used, a program tape is prepared, following by a tape 
containing all of the input for the series of programs to be run. Thus only set up 
necessary is the mounting the two input tape, printer and console set-up required for 
each run 

In this case the set-up time is proportional to the number of monitor “runs’i^ 
made By evaluating historical records, it is possible to standardise both the number 
of monitor runs and the number of programs each monitor run will use. A standard 
set-up time can then be derived. 

The set-up times for a compiler run has very little in common with the standard 
for the program to be assembled. It is in direct relationship to the number of input 
and output units used by the compiler, and it will be the same for each and every 
compi'ation As a result it is possible to establish an exact set-up ume for each 
compiler opeaation. 

A simpler approach when using a multi- program compiler or assembler is to 
set aside a given time each day when all programs to be compiled will be run. 
This means, in effect, that there will be only one compiler set-up per day. 

The standard used for the set-up time required for testing will approximate the 
set-up time for the same program after it becomes operational. The same unit must 
be set-up except that in testing the program it is usually in card form rather than one 
of tape and additional time must be considered for the loading of the program cards. 

To determine a realistic standard for “down” time or unscheduled maintenance, 
the frequency and average length cf occurrence should be used These figures can be 
obtained from the manufacturer of ^he equipment. 

Ketom time is time lost because of an error. If an error occurs in the middle 
of a production program, the time lost is the time already expended. There are four 
distinct causes of lost time : 

Data error 
Program error 
Operator error 

Machine error ^ 

It is important to retain the distinction between these ; the last three reflect upon 
the quality of personnel performance ; the program error upon the programmer, the 
machine error upon the maintenance personnel, and the operator errot upon the 
operator. It is extremely difficult to set a specific standard for retnin time. 

The computer may be used to prepare analytical reports from the logs that 
records the time usage for each computer ssrstem. The major objective of analysis are : 

To compare the actual performance in each category with the established stan- 
dard. 
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To determine the effectiveness of personnel. 

To account for and charge to the appropriate departments for services and to 
determine total rental due. 

To determine trends, and recognize their impact on future data processing requi- 
rements. 

To indicate management action where performance is not satisfactory, to optimise 
effectiveness of management policies, and to provide measures of the effect of 
such management action 

3.5 2 Personnel Standards The performance standards for equipment discussed 
in the preceding sub-section can be used to derive performance standards for personnel 
directly associated with the computer For example, operator performance can be 
determined by how well the standards for productive time are met 

Before the input goes for punching, it is usually scrutinised as input, output by 
Edit Department to ensure that it is complete and that controls have been provided 
for. Hash totals may be taken and document hguns may be sample checked by this 
department Similarly, ihe editing of computer output or completeness and accuracy 
IS as important as checking the input, the Edit Department should make certain that 
all controls were properly obeyed and that nothing has been added or omitted They 
are the final check output from the computer centre 

In some computer centres the Edit Department is given the complete responsi- 
bility for the running of various jobs They collect the source documents, arrange 
for their punching, requisition for computer time, run the job, check the output and 
send It to the required department or customers It is their responsibility to ensure 
that all outputs arc produced on time. This can be used as a performance standard 
for the edit department. 

Performance standards for programming can b« derived from the ability ofpro- 
grammeis to meet established dcadimes as well as the listing and compilation time 
used by their programs and their subsequent perfoimance with the user. 

The program parameters listed earlier — size, complexity and input/output com- 
plexity are also us^ to measure programming tasks. Similar parameteis may be ii sH 
for systems analysis but this is much more difficult and performance standards for 
systems analysis are rarely used. 

The key factor is experience. All estimates are based on records of past perfor- 
noances. The most popular method is sub-dividing the jMograms into modules 
rimiiar to jobs done before. Each module is then costed directly from past figures. 
The index of debugged instructions per hour is used as a perfoimance standard rather 
than for costing. 

Usually, two or three senior programmers are asked to estimate each job inde- 
pendently and the final estimates decided in a meeting to explain the differences. 
Progress is monitored by monthly reports contrasting actual and planned progress, 
highlighting items behind schedules and prescribing remedies for catching up Some 
companies use GANTT charts and even small PERT charts for this purpose. 
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The problem of estimating programming t>»nc is difficult enough even when 
based on good programming specifications derived from comprehensive systems re- 
ports. Without them or with poor specimens it becomes a nightmare— causing the 
chaos and the large time and cost overruns that have characterized a number of soft- 
ware projects 

The quality of the program specifications also affects productivity Other 
factors, such as the availability of computer time for testing and programmer motiva- 
tion also affect it in way:> that are difficult to take into account in the estimates. 
Rigid, thc'ugh I calistic schedules must, however, be set and er forced Flexible sche- 
dules never do anybody anj good 

Conclusion 

This study paper has approached the management of the data processing depart- 
ment through the establishment of standards for various aspects of the work to be per- 
formed This emphasises the importance of standaros in the management of the data 
processing effort but doe's not touch upon a few of the data processing manager’s fun- 
ctions 

The training of p.rsonnel is, for example, a --ry important fur.ction of his but 
can be taken care of, mainly by making use of classes offered by the computer manu- 
facturer. Similarly he must e isure that personnal gam m experence lu depth and brea- 
dth of knoweledge without being bogged down for ever in a routine job like payroll 
programming and without sacrificing the quality of the systems produced. 

The safe custody of files has been discus>ed m the sections cn prograramiog and 
operating standards These procedures arc adequate for most organisations but in some 
cases where computer files are the only records for the business far more stringent met- 
hods may be jusi ificd. An American insurance company, for example, makes duplicate 
copies of every file updated each day and stores them in a safe deposit vault at a secret 
location. 

Similarly, we have discussed controls that constanly check for errors and fraud- 
ulence in the running of routine systems Again, these devices such as keeping totals 
of all records added and updated are normal businesses but may have to be radiCali/ 
extended in the case of application where eirors or frand is more likely or more expen- 
sive 

Self Examination Questions No 5 

A Why it difflicult to create performance standards for systems analysis ? 

For managers 

B. Would performance standards for operations and progr amm ing be different 
for different programming languages ? Justify your answer. 

C. What steps would you take as the manager of an EDP instalation if you 
found you were getting insufficient production time ? What if there was 
excessive maintenance times ? 
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1. INTRODUCTION 


It is widely believed that computers are very expensive and that a company 
tnust be large and prosperous to be able to afford the luxury of computer process- 
ing. It IS also believed that smaller companies can make a start towards data 
processing by using punched card equipment or “unit record” equipment (Ref : 
Appendix) as it is sometimes called 

Technological improvements have invalidated both these beliefs. A ftw 
hours of computer time can be hired at low cost for selected application and pro- 
perly conceived and implemented, the effort can be very profitable. Developments 
In computer technology have led to better facilities at lower cest while unit record 
equipment has remained unchanged for many years. This has eroded the unit 
record market and today it is difhcult to justify the use of these machines, save for 
special applications 

A manager usually decides to investigate automatic data processing when his 
clerical department begins to show signs of overload through delays, errors and 
customer complaints Sometimes be may feel that certain aspects of the organiza- 
tion, like the sales effort or inventories are inadequately controlled or that seme 
functions such as production planning, selection of an investment portfolio, or 
distribution plauniog could be improved through better analysis Or, mere rarely 
the manager of an r 'ant company realizes that be will ultimately have to rely on 
data processing and decides to build up bis method ard procedures with this in 
mind This is the best way to start, since it avoids the traumatic change in work 
patterns and thinking that acccmpanies the replacement of manual system by com- 
puter system It also avoids the problem of surplus labour that has held up data 
processing proposals more than any other factor except, perhaps, management’s 
unfamiliaiity with computers 

Having decided to consider data processing, the manager faces the following 
alternatives : 

1 A manual system (if data processing is not found to be justified) 

2 InstallaCioo of punched card equipment. 

3 Contracting the implementation of the system to a consulting organi- 
sation 

4 Hiring computer time from a service bureau. 

5 Acquiring a computer system 

6 Sharing a computer installation with one or more organisations. 

For the last three alternatives, staff will be required and a department built 
up to apply nod run the data processing equipment. Consultants may or may Uot 
be retained 

Manual systems can boast of intelligence behind every action. This gives 
them tremendous flexibility and allows them to cope with widely different condi- 
tions, correct many unforeseen types of errors and cater to a fantgstk divrrsiiy 

? 



3 


of requirements They do, however, have their limitations and these increase as 
the volume of processing increases Moreover, they are expensive and unless 
flexibility is required, there arc cheaper ways of carrying out the roitme processes 
that occupy most of the elTort of maoudl systems 

Mechanisation, however, leads to rigidity and specialization This is true of 
i^hatever human function is mechanized Man’s two legs enable him to walk on 
Iftard roads, over sand, through quarries, construction sites, slush and jungle A 
particular mechanical transport may be faster and more eflicieDt under any one of 
these conditions but will be very inefficient under others. 

Thus, ail mechanization requires is that the scope be closely defined and such 
detail carefully specified Effectiveness and advantages are related to particular 
requirements A detailed examination of the system ard procedures to be mecha> 
nized IS therefore necessary Th s is very expensive and to it is to he added the cost 
of programming and the cost of putting the enlisting information on the computer 
Some staff retaining and other “charge cost” may also be involved All these are 
mitral costs that have to be borne before the system is operaiion^l. The total initial, 
or one time, cost may be quite large in comparison to the recurring cost of produc- 
ing the required outputs and reports This initial investment is required for EDP 
systems before they yield results and often, even before the manager really knows 
what to expect This makes the decision to mechanize a very diffcult one Going 
in for EDP often requires leap of faiih on the part of management. 

1.1. Installing an io'honsc computer Vs. hiring computer time 

Service bureaus provide data processing services to clients on the equipmenf 
which they own.usually on batch processing basis. The clients are charged on time 
or item basis at standard rates to transport their source input documents to the 
installation and collect the outputs The bureaus, usually, offer generalised 
programs but a special program at an extra fee can also be written The following 
points may prompt an organisation to go in for such services 

Installing an In-house computer or hiring computer time is ba'ically a capital 
budgeting decision. The ROl's for the two alternatives have to be computed 
and compared. However, such an analysis may not be explicitly conducted by 
smaller organisations who may obviously find an in house computer an expensive 
proposition indeed Similarly, larger organisations with a fair de,.lof complexity in 
their operations may dismiss computer time straightway In between there arc 
^ medium type organisations and large organisations with rather straightforward 
\operatioas who would have to carefully weigh the two alternatives on cost benefit 
litgrounds Whilst making this comparison, planned growth oi; termination of the 
organisation has to be kept in view. Besides, the following points tpay favour 
hiring computer time 

i(0 An organisation with an in-house computer may also want to avail an 
outside service during periods of peak processing volume or major system break- 
down. It may want to avail of all the specialised equipment programs or expertise 
offered .by the bureau. 

(U) An or|anisation may want to stgrt with the service bureaqf with, few 
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applications As the computer inttallation bailds up to the point where the coat of I 
computer time approaches the cost of renting a machine, it may establish its own J 
computer department. P 

(ill) Even if a company can justify the use of its own computer it acquires 
the capacity that may not be utilised for quite some time. Usually, it takes at least 
1 to 2 years to prepare and implement enough applications to ensure a reasonafal,9. 
utilisation for the machine alter the arrival For this time, it makes little sense 
pay for a lou of unused capability. Many users, therefore, find that the best way 
to start IS with a service bureau. 

However, there are also time sharing vendors who provide with a fee the 
usage of central computer and on line file storage to users who obtain access 
through remote terminals and tele-communication lines. This facility is analogous 
to that of gas or electricity rupply. Such a facility is particulary useful for 
interactive problem solving which means that a user can quickly get a solution to 
a problem, structure another promem around this solution, get, another solution 
and thus iterate to a satisfactory solution. Time sharing vendors also generally 
offer a large number of specialised programs, many of which a user may find really | 
helpful The cost of a time sharing service generally includes a fixed monthly 
charge for the terminals and other equipment and variable charges for terminal ' 
hook up, central processing and file storge used. 

One should note however that by hiring rather than having in-house com- 
puter the user relinquishes control of vital business data and the in>house computer 
offers the possibility of strict security measures and stringent internal controls Also 
rhe users may find the generalised programs unsuited to their requirements and 
special programs rather too expensne. There could also be inordinate delay 
which is natural since the bureaus serve other clients 

Cooralfanta Vs. own staff ^ 

If the company has only a few applications to be computerised, there is no 
reason why it cannot entrust the job to a consultant, rather than employ a whole- 
time man to do the work. A member of the staff must, however, understand 
computers and liaise with consultants. He should have overall responsibility 
for the success of the computer effort and, preferably this should be his only 
responsibility. 

One cause of many an unprofitable computer effort is the inadequate appre- A 
ciation of the fact that systems anal) sis and the choice of areas of applications *# 
are a specialised professional job that requires a trained infoi motion technologist. 
Most of the systems that do not pay their way are ill conceived, poorly designed 
and probably should never have been computerised in the first place. At the same 
time there may be other areas in these very companies that could very profitably 
be computerised It takes an expert to identify and circumscribe the areas of 
maximum return. 

By using a consi’lting organisation to initiate him into the mysteries of 
EOF, the user can avoid a number of inital pitfalls. The consultants will usually 
have expcricDcr and expertise in areas he wishes to computerize and they will 



a 


faivarltbly be able to give him a more capable and more economical system than his 
staff would be able to design. Error checks and system control will be introduced 
as a matter of course by the professional. These can make all the difference bet- 
ween system success and failure. Moreover, the consultants will b: able to assist 
the user in formulating an overall plan for the computer effort. This is the an^a 
where they can make the most significant contribution. 

As discussed above, though consultants are greatly helpful in the initial 
development of MIS, there is an advantage in btulding up one’s own expertise in 
!||ta processing. Larger organisations can afford own data processing staff and thht 
will help them to adapt the MIS in the face of ever-changing business objectives and 
continually triggered projects during the systems audit phase Consultants would 
take far too much time to understand the nuances and would therefore be an 
expensive proposition. The organisation that can build up its own computer exper- 
tise and became self-sufficieot will find it quite profitable in the shape of prompt 
and tailormade system; after all, there is an advantage, say for a college, in build- 
ing up its own facliiy rather than depend on outsiders for lectures. 


Conpater Industry The buyer must obviously be well familiar with the 
computer industry which is not just a few leading manufactures like IBM or ICL 
but a host of other agencies The computer industry can broadly be c^tegoriseil 
into three major groups hardware suppliers, software suppliers and EDP services 
suppliers. Some of the major firms within these broad grouping are listed below t 



1. Hardware suppliers 

Computer manufactures 
Inde^ndent peripherals manufacturers 
Data processing supplies companies 
Computer leasing companies 
Used computer equipment companies 

2 Software suppliers 

Computer manufacturers 
Independent software companies 
User developed software suppliers 

3. EOF Mrvkes suppliers 

Computer manufacturers 

EDP service bureaus 

Time sharing service companies 

Facilities management companies 

Other EDP service supphers as listed below. 

(a) Computer time rental 

(b) System design services 

(c) Codtract programming 

(d) EDP selection 

(e) EDP education 

(0 Hardware maintenance. 

Httrdwarc-^pplierfc Obviously, computer manufacturers are the le^ii^ 



hardware suppliers. They manufacture and market CPU's, peripherals and data 
processing supplies Likewise, the small computer manufacturers produce and 
market mini-computers, visible record computers, special-purpose computers, and 
their peripheri>ls. However, since recently, there has been a growth of independent 
peripherals manufacturers who specialise in the production of peripherals which 
they market usually at lower rates than those of the computer manufacturers. This 
IS also the case with companies producing data processing supplies alone and 
marketing them at lower rates than those of the computuer manufacturers. Of late 
third party companies have been growing, these purchase computers from com%i 
puter manufacturers and lease them to computer users at rates that may be 10 to II 
20 percent lower than the computer rental price. 

Software suppliers If a company chooses not to develop its own software 
It can go in for software pjckigss in the mirket The computer manufacturers, 
again, are the largest sole ware suppliers though no v a days many independent 
consultancy organisations who have package programs or can write special pro- 
gram> are proliferating Also, other computer users whose programs could be of 
use may be contacted in acquisition of program packages Such users may either 
give these packages free or at very low cost 


Selecting the Computer Systems. 

In case of procuring such machinary as machine tools, transporation 
equipment, air conditioning equipment, etc the management can normally rely on 
the time tested sclffciion techniques and the objective selection criteria can be dele- 
gated to the technical specialist But computer is not just another machine This 
is not only because of Its highly complex internal structure for which myriads of 
performance measures can be devised, though none of which satisfactorily describes 
the power and the capabilities of the computer, but also because of its open-endc- 
ness in that it can adm t c )ane>.tion of a l.argc numoer of peripherals with deffering 
capaoilifics in the near futu'-c and lalei Abj, comisuicr has a pro''ound and long 
range effect on company 's operations Ihe user denendj upon the buyer tor support 
services S)stem> design, education and truKiingcU , and cvpunsion of the ^.ouiputcr 
iDStaliut'on for almost an indeiiniic period, tncrcforc, this is not just buying the 
machine and paying the vendor for it but it amouius to to a marriage with the 
supplier Also, to make a proper choice of the computer and its peripherals, it is 
important that the job mix for which it is iniei’Jcd is prci.iscly defined at the outset 
and this is rarely possible, not to speak of the fa''t that the job mix itsell is liable 
to under-go considerable change with the changing objectives of me company 

All computer systems olfcred in the market today have good hardware, 
competent soltware and roughly similar facilities Due to the rapid development of 
computer technology, the more recent the computer the better its performance and 
the lower its cost Therefore, as far possible, the latest possible technology should 
be acquired As long as this general principal is adhered to, the choice ol a parti- 
cular computer will not signihcantly elfect the success ol the computer effort. 

Commercial data processing consists mainly of reading-in data, printing out 
data and storing and retrieving information trom magnetic media. Thus, computer 
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performance for commercial work u mainly determined by the speeds and 
capabilities of input/output and storage peripherals. Scientific, engineering and 
operations research problems require good computitional facilities Thus, the 
efficiency of a computer in handling such problems will depend on the core store 
available and the instruction execution speed, and repertoire A comparsion along 
these lines can be made quickly and quite effectively Detailed consideration of the 
•pecialities of each machine is rarely worthwhile as these minor features make little 
difference to the overall performance. What may be important are differences in 
facilities that affect the suitability of the computer for the particular applications 
in mind Thus on: manufacturer may p'ovide a printer that can print a line of 
160 characters while another may p''ovide only 1 32 characters If one of the 
applications is customer billing, this may make the ditfcrence between printing 
three instead of two bills side by side at the same time. Since time can be saved by 
printing three bills, the 160 character printer may lead to a much cheaper system 
Similarly, IBM was for some time the only manufacturer offering a large exchange* 
able disc facility. This gave its equipment an advantage in the case of users who 
wanted large random access files. 


In addition, the software supplied by the manufacturer may make a signifi* 
cant difference if it contains a package of special applicability to the jc i envisa* 
ged. Experts maintain that since hardware speed and facilities nre uniformly good 
today the selection of a computer should be made on software con iderations 
Wmle all manufacturers supply general software packages for linear programming, 
PERT etc , and packages for such ubiquitous applications as inventory control and 
production planning, a few minufacturers also offer packagis specially designed for 
a particular industry such as IBM’s “IPARS” packages for airline reservations and 
packages for applications m banking and insurance Obviously a manufacturer who 
has a package for a user’s special needs will enjoy a significant advantage. In 
general most manufacturer s packages are good There are, of course, individual 
differences but these arc usually not too important The ICL package for PERT is 
aaid to be superior to all others, but the superiority may not be strong enough to 
a computer acquisition decision. 

/ 

Modern computcis arc marketed as senes of compatible machines with in- 
creasingly powerful central processors and interchangeable peripherals This is very 
useful when, after a few years, the work expands to fill the existing computer 
storage and a bigger machine is required. A more capable machine of the same 
senes will allow the existing programs to be earned over so that the large invest- 
ment in programming may be preserved In case of breakdown, compatibility 
allows a wider range of niachints to be used as back-up Thus the choice of a com- 
puter really becomes the choice of a model wuhm a senes, based on a long range 
plan of expansion This however, means that one is married to the manufacturer 
and subject to his whims and fancies. But inarnage is preferable to reprogra- 
mming wbi^.*i can be prohibitively expensive. 


The selection of a computer does not end with the choice of a manufacturer 
•od a model. It continues to the selection of a configuration and a plan for ita 
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Iradual expansion. This can be as important as the choice of manufacturer and 
properly considered, can save a great deal of money. 

Outside assistance in computer selection ran be had from the computer 
manufacturers, independent consultants specialising in computers, or management 
consulting firms The distinction between vendor selection and machine selection it 
to be carefully noted at this stage. Choosing the vendor is essentially a matter of 
business judgment and prerogative of exercising it must be retained in-house. Once, 
however, the vendor is selected, be can be counted upon to provide Uacful guidance 
for machine selection also. 


In vendor selection, the management has the choice between a single 
source and the multiple sources In the former crise, the vendor is pre -selected on 
the basis of bis reputation etc or because of standard) consideration lo multiple 
plant operations i c , a company using om brand of computers in its various plants 
may want to acquire the same for another plant. Also, a company with an existing 
computer may not want to switch brands and may wish to acquire the computer of 
a bigger size from the same source in order to avoid the need of reprogramming, 
file reorganisatiou and aciimatisatton to a strange machine Not only the cost 
and capacity of a vendor's machine are to be considered but also his reputation, his 
research and development activities, Ins company's financial viability, software 
support, maintenance services, commitment to application development, education 
and training facilities, and so on 


Validation of vendor's Proposals 


This process consists of evaluating and ranking the proposals submitted by 
vendors and ts quite difficult, expensive and time consuming, but in any case it has 
to be gone through This problem is made difficult b> It’c fact that vendors would 
be olfering a variety of configurations The following rratters have to be considered 
towards rigorous cvalutaton - 


Criteria. Mandatory requirements would constitute over riding criteria in 
that, if a vendor fails to meet them, he would be screened out without any further 
consideration. The dcsirab'e characteristics would surely be more ditficuit to 
evaluate because the vendors may ignore them or otter several alternatives The 
criteria may be listed in a descending order by importance as below . 

(i) Software performance 


(ii) Hardware performance 

(iii) Support se^ices 

(iv) Compatibili^ 


(v) Expansion capability 

(vi) Delivery 


(vii) Cost. 


These criteria may have to be further sub-divided particularly for hardware 
performance and support services. 

Methods Having established and ranked the criteria comes the question 
of validating the vendor's proposals against these The method selected may be a 
simple or a sophisticated one. Larger crganisations would noturally tend to adopt 
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k lopbiMicated aiid objective approach. Following are seme of the validatiott 
methods. 

(1) Check lists. It is the most simple and rather a subjective method for 
validation and evaluation. The various criteria are put m the check list in the form 
of suitable questions against which the responses of the various vendors are vali> 
dated Obviously, then, the vendor who has most cleverly and rhetorically worded 
his response is likely to get the award. Below we give an example on a software 
checklist and a suoport services checklist. 

Example of a software validation checklist 

(t) What is the package designed to do ? 

(ii) Who developed t^i^ software package ? 

(iii) How IS the package organised ? 

(iv) Is the package operable ? 

(v) Can the package operate on our hardware configuration ? 

(vi) Will the package require modilications ? 

(vii) Who will modify the package t 

(viii) Can the package be modified if necessary 7 

(ix) What are the overall costs 

(x) Is comprehensive documentation available ? 

(xi) Who will maintain the package'’ 

(xii) What are the package constraints ? 

(xiii) Wnere is the package currently utilised 7 
(xivi What IS the primary language '> 

(xv) What input/output techniques are utilised 7 
(xvi) What are the required inpui/output formats 7 
(xvii) How must input be organised '* 

(xviii) What controls are included ’ 

(xix) What user training is provided 7 

Support Services Check lists 

(i) Perfoimance ; What has been the vendor's past performance in terms of 
his past promises ? 

(li) S}stem development: Are systems analysts and programming coosultaoU 
available What are their qualities and cost 7 

(ill) Maintenance • Is equipment maintenance provided What is the quality 
and cost 7 

(iv) Conversion : What systems development, programing and hardware 
installation service will they provide during the conversion period 7 

(v) Training Are the necessary training of personnel provided 7 What is iU 
quality and cost 7 

(vi) Documentation. Are the necessary hardware^ software and application 
manuals available 7 

(vii) Back up Are several similar computer facilities available for emergency 
back up purposes 7 

(viii) Pra.xitpity Does the vendor have a local office 7 Are sales, systems 
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developcnent, program aiiag, and hardware maioteoance services provided from tka 
office 7 

(ix) Hardware. Do they have a wide selection of a compatible hardware 7 

(x) Software Do they have a wide variety of useful systems software appli- 
cation programs 7 

Similar check lists may be developed for hardware compatibility etc. This 
method, however, is generally applied only to minor proposals 

Criteria Tables The various criteria are listed in the descending order of 
their importance The importance of the various criteria are assigned suitable 
values. The responses of the vanojj vendors are then assessed against these criteria 
by assigning response value against each criteria. The criteria value multiplied by 
the response value famishes the response score which is accumulated. An example 
is given below. 


Sample extract of criteria table with weighted 
values for a software comparison. 


'Desirable 

Characteristics 

Criteria 

value 


Vendor A 

Vendor B 

Response 

value 

Response 

Score 

Response 

value 

Response 

^ore 

Availability 

6 

6 

36 

12 

72 

Cost 

5 

6 

30 

4 

20 

Reliability 

4 

6 

24 

7 

28 

Documentation 

3 

S 

15 

9 

27 

Maintenance 

3 

7 

21 

3 

9 

Traini.-g 

2 

7 

14 

6 

12 

Data Management 5 

8 

40 

6 

30 

Total 

2S 


ISO 


198 








The values assigned to the various responses remain subjective to quite an 
exteoc and this mcciiod is only slightly better than the check list method. 


(ill) Public evaluation reports Several consultancy agencies compare and 
contrast the hardware and software performance for various manufacturers and 
publish their leporis in this regard 1 his method has been frequently and usefully 
employed by several buyers in the past hor those criteria, however, where 
published reports are not available resort would have to be made to other methods 
of validation Ihis method is particularly useful where the buying staff has inade- 
quate knowledge of computer facts. 

Ratings In acquiring a computer the manager wants to know how much 
"work” It can do in contrast to its •‘cost” to arrive at a measure of performance. 
The difficulty is that it is practically impossible to come to a reliable estimate 
of the “work” capacity or the “throughput” as it is sometimes called from a 
study of the spccitications Indeed, a good estimate can only be obtained by 
testing its performance on standard commercial and scientific jobs. For this 
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fesaoa, a number of people have suggested simultatioa studies in which typical 
jobs are programmed on the computers to be evaluated and the time taken to 
execute them used as a measure of perform ince The eulicst such test was the 
Gibson mix rating, named aftet the IBM employee who devised it. In this a 
spKial program containing the instruction mix of a typical program was created 
and run on dilferent machines Such a test, however, grades only the efficiency 
of the central processor which is relatively unimportant for commercial purposes. 
A more basic defect, and one that plagues ail instruction-mix tests, is the fact 
that, since jobs are programmed ditterentiy pn dillercnt computers, the typical 
instruction mix dilTers from machine to machine 


A somewhat belter yardstick was devised by ihe Bniisb General Post Office. 
A “work unit" was defined as the smallest amount of work that retains all the 
properties of a typical application for timing purposes Since the work of the 
Post office IS nidiniy commercial, a commercial work unit was devised in 1962 and 
improved in i967 Ratings of most computers are available in terms of the time 
taken for a Post Office unit II (POWU II) and these are more or less reliable guidcf 
to commercial performance. 


lu 1968, Dr K E Knight published a rating of available computers on the 
basis of pertormance over a representative-mix ot scicntihe and commercial pro* 
blems. The most valuable feature of this study is that it not only rates commercial 
and scientific performance separately for each machine but also attempts to establish 
a pcrformancc-per-dollar criterion 


In general, performance rating is a dilficult problem as each rest has its parti* 
cular limitations and biases and none truly represents the user's job mix. Published 
figures arc available but should be u>ed with care Indeed, the very concept of 
performance rating c.in be questioned as it implies tnat the computer is to be 
acquired for its goiieial suitability rather than I's »a. lability for the particular jobs 
at nand Tnas wade periorman^e measures can be taken as broaa guidelines, 
detailed evaluation of the proposed application system ts a much bcttci cnrerion for 
computer selection 


Bench mark problems Bench mark prob'ems are oriented towards testing 
whether a computer m?ets the requirements of the job on hand i c , (hey arc 
required to be representative of the job mix Obviouslv bench mark problems 
can be applied only if job mix has been clearly specified The brnch mark prob- 
lems woald then comprise lnn<; Joh^ short jobs, tspe job^. disc johv. tnuthewaiical 
problems, input joutpiit loads etc . in proportions typical of the job miv If the job 
is truly represented by the selected bench mark problems this approach can pro- 
vide a realistic and tangible basis for comparing all vendors’ proposals Tests 
should enable the organisation to effiectivciv evaluate gross performance of the 
system in terms of hardware performance (CPU and input/output units), compiler 
language and operating system capability, d-agnostic messages, ability to deal with 
certain types of data structures and effectiveness of software nt.lities It may also 
be possible to test a particular configuration. Bench mark problems approach 
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niffers from a couple of disadvantages. It takes consideraUe ingenuity to aelact 
problems representative of the job mix which itself must be precisely defined and 
requires the existence of operational hardware, sohware, services or systems. 
Nevertheless, the approach is very popular because it is in the nature on acid test 
of the functioning of a vendor's proposal. The manager can extrapolate in the light 
of the results of the bench mark problems, the performance of the proposals, on the 
entire job mix. 

Test problems Test problems disregard the actual job mix and are devised 
to test the true capabilities of the hardware, software or system. For example, test 
problems may be developed to eraiuate the time required to translate the source 
code (program in aa assembly or a high level language) into the object code (machine 
language), response lime for two or more jobs in a multUprogramme environment, 
overhead requirements of the operating system in executing a user program, length 
of time required to execute an instruction, etc The results, achieved by the machine 
can be compared and price performance jugdment can be made. It must be borne 
in mind, howevei that various capabilities to be tested would have to be assigned 
relative weightages 

Growth and Compatibility The buyer should also keep in mind the inevitable 
growth of computer applications. Growth can occur in one or more of the 
following three lines. Demand of company's products increases or the pr^uct 
line expands resulting thereby into large volume of transactions. However, such 
an expansion pises a rather simple problem that can be solved oy merely adding 
more input output units, storaee devices and building blocks of memory. 
Possibility of expanding the memory this way and enhancing versatility of 
computer configuration is known as Modularity of hardware The other 
direction in which growth can occur is the increase in the number applications 
which may or nuy not b: independent of the existing application, if the applications 
are independent of the exisiting applications the problems is identical with the one 
discussed for increase in the volume of transactions. In the case of other applications 
which are not independent of existing ones, some modifications of the existing 
programs would be essential A more severe direction that expansion can take 
consists of sophistication of the existing applications. For example an inventory 
control program, hihterto using a simple exponential smoothing sub>routine may be 
desired to be changed to a more sophisticated one incorporating tracking signals and 
adaptive response (Kef, OR. Study 11). Or, the files may be desired to be fused 
into a data base This would call for drastic changes in both the files and the 
existing programs and even require more advanced peripherals. The buyer must 
therei^ore, keep in mind these directions of expansion. 

The inevitable consequence of expansion in any of the directions discussed 
above is the need to step up the capacity of the central procening unit by 
acquiring a largen model This, in modern computers, is ^permitted by what ia 
known as compatibility. Computer manufacturers offer a series or faaulks of 
computers that are compatible in the sense that they possess the same ergonomic 
design or architecture, use the same set of instructions and have the same basic 
hardware design logic. Apparently, the implication of this is that the existing 
computer of the user can simply be upgraded to the next higher model 
10 the family without any need for re programming i.e., upward compatibility; 
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Thk it true to tome extent and there is a problem to it discussed in the 
fonowk)g paragraph. But downward compatibility may or may not exist 
depesdipg upon the size of the program A large program cannot be 
used as such if it requires more space than the contemplated reduced 
memory. For example, an inventory control program, at present handling (i) 
customer’s orders, for stock allocation and placement of replenishment orders and 
(ii) receipts may have to be split into two programs to be run in two set ups. 
Other programs which, however, can be accommodated in the reduced memory 
can be used without any alterations whatever. 

Upward compatibility poses a problem of its own. No doubt the existing 

E rograms can be used on buttressed memory yielding identical outputs but this may 
e inefficient. It is not at all unlikely that existing programs were written with 
economising on the storage space as the leading objective if these programs are 
now loosened and files unbundled, more storage space would be needed, which is 
now available anyway, but this would lead to substantial enhancement of the 
processing efficiency i e , less processing time would be needed to execute a loosened 
program on unbundled hies Aho, more powerful and versatile compilers ard 
operating systems can be used on buttressed memory Thus program modifications 
would be necessary to tilt the emphasis from economising on storage space in 
favour of processing efficiency Now, the computer systems tend to expand in these 
directions very ri.pidly and this would indeed lie up the entire programming staff 
doing program modification in fatour of processing To alleviate this situation, 
to some extent, the ABC principle ot inventory control can be profitably employed 
here Most often used programs can be modified as and when the expansion 
takes place w hilst rarely used programs may be retained as such witocut any 
modification 

Celling only vha! you need A great deal of money can be saved by realizing 
that computer utilization is built up only grcdially, ai d that the configuration can 
be strengthened in stages as the applications increase This can be viewed as a 
short range version ol the “moving up’' discussed earlier, but substantial economics 
are still possible. 


The case of an Indian company that started with an IBM MOI computer 
with the maximum possible core memory, six fast tapeHlnves and disc units, is 
typical. For six months the discs were completly idle After that a disc based 
material planning and production control system was siaried This limped along, 
using about 10 hours of disc time a month for a year, after which it was discarded 
as being ill- conceived. Meanwhile, some other disc-onented systems were hastily 
devised and at the end of two yeais the disc usage was arcurd 20 hours a 
month. 


Obviously, the discs could either have been d.spcnsed with, the disc-based 
systems jieing implemented somewhat more crudely on tape, or disc facilities could 
have been rented to begin with, on another computer. The failure of (he initial 
dilc-based production planning and control system was due to inexperience and 
inadequate systems study before iraplem'entation The disc rental was Rs. 10,000 
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per mootb and at least two years’ rental or about Rs. 2-10,000 can be said to have 
been wasted. 

Similarly, it was unnecessary to start with six fast tapes. Four slow tapes 
could have been acquired in the beginning and later changed as the usage increased. 
If the argument that this would lead to more limited systems was strong, six slow 
tapes could have been acquired and later replaced by faster ones. The difference 
in rental would have been almost Rs 12,000 per month. 

A small configuration can be enhanced in three complementary ways : 

1 . Speeds of peripherals can be increased. 

2. Core memory can be increased. 

3. The number, ard capability of peripherals can be increased. 

The easiest and most painless form of •capacity enhancement is when a line 
printer, card reader, tape drive or other peripheral or even a central processor is 
replaced by a faster unit with }deorjc.<] characteristics, i e that does the same 
job, in the same way, in less time. This is, of course, difficult with purchased 
equipment, although the manufacturer may sometimes allow the slower unit to be 
"traded in’’ in part pa>ment In USA. and Europe, companies dealing in 
used computer equipment have sprung up These will buy the old unit at a half 
to a third of its original price and offer these to customers at a substantial 
reduction. 

With a rented configuration, the only loss may be a part of the one time 
ebarge and this may be well worth the ditferenlial saving in a year or two’s rental 
between the faster and the slower peripheral. 

Increasing core memory, the number of tape drives, or the disc storage 
capacity has slightly more complex repercussions Existing systems may have 
to be re- programmed to some extent to take full advantage of the more 
powerful configuration. But the reprogramming required is usually not 
extensive and can be minimised by a carefully planned sequence of system 
implementatioo. 

The simpler system should be implemented first. These usually take a few 
basic peripherals. Later they can be extended in scope, complexity and sophisti* 
cation. The programming stuff can often do well by getting started on simpler 
nagnctic-tape systems graduating later to disc systems and perhaps much later to 
visual displays and other more sophisticated equipment. In fact, the enhanced 
configuration usually provides belter ways of implementing systems — the more 
complex the system the more the improvements possible. 

Purchase or rent : After deciding which CQjpputer to acquire, the basic 
canfiguraiion. and a general plan for its expansion, a further decision has to be 
taken as to whether the computer should be purchased or rented Until a £ew years 
•go, most computers were rented on the assumption that technological progress 
would soon make them obsolete. The rapidity with which new computers are iMing 
introduced has, however, s'owed down. Also, managers have begun to realize the 
enormity of the problems associated with changing computers. A purchased com- 
puter that has b^n performing satisfactorily fof, pay, tbfee years has plrcgdy paifl 
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for moft of its cost and there svould teem to be Ihtle reason for ebaogirg over. The 
operating costs of computers are small compared to tbeir purchase pin e or rental 
and there can be little justification for additional expeediture just to reduce running 
costs. Even if new computers are not introduced, the ccmputational capability still 
cxbts, and one can carry on the work for many years until the requirements 
substantially expand or alter. Besides, the cost and retraining involved in a change* 
over are avoided In very special cases the new equipment may provide the 
possibility of radically difiennt and more effective systems ard this may justify 
replacement. 

The purchase price of a computer is usually calculated at about four yean* 
rental. Since additional maintenance charges have to be paid on purchase equip- 
ment the break-even period is around five years The useful life cf the equipment 
is, however, much longer 

A plan for gradually increasing the power of the cor.fguraticn, however, 
discourages purchase. Rented equipment is generally much easier to leplace Com- 
panies dealing in used computer equipment will, however, buy used peripherals and 
replace them by (used) faster ones at very geed lermr Anctler soluiicn is to 
purchase the part of configuration that is supposed to be usable for, say, three or 
four years like the central processor, and rent the rest that is cxpiecied to be 
replaced sooner. 

Purchasing rather than renting equipment can also carry seme financial 
benefits In India, a development rebate is allowed in the form of a concession 
on purchased equipment provided some other conditions are met Also, import 
licences and investment grants, m the form of Goverumerit loans at low rates, 
make purchase look more attractive 

Eapenditure on data processing 

Expenditure on data processing and the distubulicn of rxperditure varies 
widely with the nature of the company s lusinrrs and the epplicatioi s it decides to 
implement. It also vanes with the number of years of computer experience. 

A survey conducted by Booz, Allen and Hamilton’ in 1967, analysed the 
average expenditure on data processing of 108 U S companies. The average expen- 
diture over all companies was found to be 0 57 % of sales With ihis standard, an 
Indian company with a turnover Ks I crore should spend Rs 57,000 per year 
on data processing It must be realized that in the U.S a large fraction of the 
expenditure is for applications that replace clerical labour, in India, these applica- 
tions are not so important due to the lower manpower costs. Thus, even it com- 
puters were applied in India with the sophistication of the West, the expenditure 
should be considerably lower. 

This study also showed that the percentage of sales spent on EDP increased 
with the number of years of experience the company had with EDP, 1 his is not 
surprising if viewed from an organisational point of vk w. The crirqiutcr department, 
once «st«|blished, tends to proliferate and expand to mote sophiUicsicd and more 

. 1. Neal J. Dean, 'The Computer ' Comes of Age', Herview Business Review. 

Jtnuery, February, 1968. 



expeniive hardware, larser and costlier staff and multifarious applications. Payoffs, 
however, usually do not keep pace with increasiog expenditure. An indepth study 
of tbirty*six computer users McKinsey and Company revealed no correlation 
between the expenditure on computers and the benefits obtained. Some companies are 
apendiag heavily for a very dubious payoff, others with less ambitious programs 
•re reaping major rewards”. 

The average for the various types of industries tends to indicate the potential 
for computer applications. Industries using fabrication and assembly operations 
•pend more on EDP as they are inherentty more complex and difficult to co-codinate 
than slow process. Also, industrial products require more expenditure on EDP 
than consumer products as they tend to be large and more complex and sophistics* 
ted in their manufacture and present greater opportunities for computer control and 
optimisation. 

Analysis of computer costs by function are shown Table 1 for both the 
McKinsey and the Booz Allen Study. For every dollar that the American user 
spends on hardware he spends almost two on staff costs In India, this ratio would 
be somewhat less as labour costs are lower. 

* 

TABLE 1 

ANALYSIS OF COMPUTER COSTS 



McKinsey 

Booz, / 


Study 

Study 

Rental and Equipment Costs 

35% 

38% 

Computer Operations 

30% 

33% 

Systems Analysis and Programming 

35% 

29% 


Program Maintenance 15% 

New Programs 2C% 


The McKinsey study shows that as much as 15% of the total costs is on 
program maintenance. This may corneas a surprise lo many who consider that 
once a set cf programs is operational, they go on running for years without much 
additional effort. Good »ystem8 are, however, always improving in scope. Some 
20% of the total cost is.on new programs, often the only cost that is directly 
controllable and the first to be cut in 4he face of criticism and dissatisfaction with 
computer performance Yet this expenditure, less.>than the total hardware cost, 
holds the key to future profits through new developments. 

The Booz Allen Study (1968) also analysed the utilization of computer effect 
among the various areas of the company. They also asked company personnel about 
the future systems they were planning. Table 2 summarizes their findings and 
indicates that the emphasis from routine applications iu finance gnd adroinisttatipq 
is going to shifit to other areas, 



TABLK 2 

COMPUTEB UTILIZATION IN THE FUTUIE 


Oevcioparai of Conputcr Effort 


Application Areas 

Now 

In 3 to S yean 

Fiiuoce and Admioislralioo 

44% 

»% 

Planning and Control 


T/o 

Research, Development and Engineering 
Operating Functions 

11% 

10% 

Production 

19% 

22% 

Distribution 

10% 

12% 

Marketing 

13% 

15% 


In the U S . most companiei have already reaped the quick returns available 
from computerizing the routine, labour-intensive applications Now they are going 
into the more complex functional areas and into planning. These applicaticna 
provide much higher payoffs, but they take longer to implement and their success is 
more critically dependent on hou well the application is implemented. 

Self'ExaoiiaatiM Qswstioai 

A. You are selecting a computer for a commercial installation Rank the 
following features of the computer in order of their importance to your decision * 

1 Memory access speed. 

2. Card reading speed. 

3. Tafie speed. 

4 Tape capacity (i.e.. bow much information it can bold) 

5. Disc speed 

6. Disc capacity 

7. The format of storing information on diK. 

8 Printer speed and line size 

9 PERT and Linear programming Software, 

10 A COBOL compiler. 

II. A FORTRAN compiler. 

] 2‘ A payroll program 

13. An inventory control program 

B. ir>ou caq rent a computer for Rs 1.00,000 a month or buy it for 
Rs. 40,000,000, what would you do 7 What other information would you need for 
your dccisioat Describe your decision process. 

C. How docs the application plan assist you in “getting only what yoii 
need*’ ? 
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APPENDIX 

(Jni< Rccort Etpifmtml (S;b. PaKbet Cati MmUbm) 

Unit R$cord Equipment comprises the following eight electromeGhaaical 
machiaei which operate on only punched card files 

These have been discnsied in the context 
of the computer earliM 


These will be discusMd below. 


The nomenclature “Unit Record** arises because each punched card must 
carry one record unlike the computerised systems in which one card may carry more 
or less than one record. Unit Record Equipment was used extensively in business 
situations prior to the advent of the computer; but now^a-days, it is giving way to the 
computer. In fact, even the second generation computers had beaten it on cost 
benefit grounds. 

Below, we discuss machines, 4 to 8 listed above. 

4. Reproducer {Syn. Reproducing Punch) is used to copy all or part of a deck 
of punched cards into another deck of cards. It can reproduce in a straightforward 
way i.e column by column duplication of a deck of cards. It can also reproduce 
with ofiset, shifting fields from one position on the original deck of cards to different 
position on the cards in the new deck. Finally, it can do gang punching which 
means punching of all, or a selected part of the data on the master card into all 
cards which follow it. These 3 modes of reproduction are shown on the imt page 
by figs. 1 to 3, 


1 . Keypunch 

2. Card Verifier 

3. Card sorter 

4. Reproducer 

5. Interpreter 

6. Collator 

7. Calculator 

8. Accounting Machine 


} 

1 

I 

1 
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5. hlerpreter 

Interpretiog is a means by which punched cards which do not contain print* 
log at the top can be read, and the information read printed on the top of the card. 
Depending upon the particular model of interpreter used, printing wilt take place on 
one or two lines throughout the bxly of the card. Alphabetic or numerical informa- 
tion both can be printed by the interpreter. 

It may be noted that some of the keypunch models not only punch the 
card bat aUo do interpretation at thek tops at the same time. 

6. Collator 

A collator is basically used to merge two different files of cards It has two 
input feed mochanlsais (Figure 4) and can drop cards into as many as 5 output 
hoppers. 

Merging is the process by which two decks of cards arranged in some pre- 
determine sequence, are combined to produce one large deck of cards in the same 
eequenoe. Fig 5 shows, for eaample, the merging of two files : Customer Order 
Pile and Customer Name/Addrcaa File. 

Other capabilities of the collator are discussed below. 

Saltct specific cards from a file. Pig. 6 shows, for example, the selection 
of master cards from a file. In a way, selection k decollation. 

7. Calculator 

It is a machine that can do addition, subtraction, multiplication and division. It 
cah be put to 2 types of uses. 

(i) Data calcalated from a card is punned in same card, viz. net wage of a 
worker computed from his bask pay, allowances, deductions, etc is encoded in 
the last S blank colunin of the same card. 

(ii) Data calculated from aactV cards is ponebed on a sommary card. 







JUttek iHsrgtiit : It oeioi m^rgiag tnfo Bln (Bg. 7), leffctiof put gUthoti 
cards that do not hare a ojtch ia the other 6k. 

Check the sequence of a deck of cards (flf. I), routu^ any out of sequence 
cards to a reject hopper. 

Simply select cards, from either of two files, which do not have a match in 
the other file (select all cheques for which there is no master file entry, for example). 

I. Accounting Machines possess the fdlowinf capabBitiee 

1. Addition/substraction (in some models also mnitiplicatioo/division) using 
a series of counters. 

2. Printing the data punched ia a card, w well as printliif the contents of ita 

counters. 

3. Punching the contents of its counters into a card through a reproducing 
punch; and 

4. Priatbg reports. 
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A tyfkail Sltdr Apfitatha m IMf MtetH 

(See fig 9 

Step A. I Sales orders are assembled in batcbea. 

A. 2. A card is puocbcd for each hoe oa the Sales order. The deck of the 
puocbed cards is then venSed, going the verified deck A 3. 


A. 4. The verified deck of punched cards is sorted by the stock item code 
00 a card sorter, going the sorted depletion deck A 5. 


« 


A. 6. From the sorted depletions deck fed into the accounting nachioe 
a detailed sales listing in the following specimen format is priated' 


Hern Code 

1141 

1141 

1141 

1142 


Qty. demanded 


14 

13 

27 

10 


(designate the summary) 


A. 8 Also produced by the reproducing punch connected to the accounting 
machines is a deck of punched cards, containing the total of all 
depletions for each stockitcras to a card, in proper sequeooe 

Steps B I to B 8 may be ioterpretted likewise for the receipt transactions 

Steps 2. The depletion and addition deck (A 8 and B 8) are merged, giving (he 

merged deck (3), on tbe collator. 

Step 5. The master file (4) and the additions depletion deck (3), are match merged, 
into the combined file (7) the rejected cards thrown out as errors (6) 

a 

Step II Tbe combined file (the master card followed by its summary depletion 
addition cards) is updated on the accounting machine, giving the 
updated master file (12) via the reproducing punch and tbe summary Hating 
(13)in the specimen format below — 


Stock item 
No. 

Description 

i 

Old 

balance 

Additions 

1 

Depletions 

New 

balance 


i 

1 

1 






Step 8. In tbe step **the things are put back in tbe order", on a collator From 
the combined file (f) the old master and transactions are obtained 
ifier decollation, 
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lin^titioas of Unit Record EqulpmcBt 

The unn record equipment has almost been completely overtaken by third 
generation computers The reasons should be clear from its limitations relative to 
electronic computers discuscd below. 

Punched card machines (or unit record equipment) have electronic computer 
as a serious contender and their limitations have to be appraised particularly in 
relation to it Electronic computer is much faster, accurate, capable and versatile 
than punched card machines Each successive generation of the electronic computer 
has brought about a tremendous decrease in cost (and size) permitting corresponding 
increase iii capabliiy m handling complexities This bag eroded whatever little 
cost advantage the unit record equipment had over the second generation computers 
The principal limitations of the unit record equipment are stated below 

1. It IS widely, and often wrongly, hclicvcd that computers arc very expensive 
and a company should be large and prosperous to afford the luxury of 
computer processing One should remember that the hardware costs 
have been steadily falling over the last 20 years and the trend appears 
to continue at an accierated rate. Further, a few hours of computer 
time can be hired at low cost for selected applications; properly concei* 
ved and implemented, the effort can be very profitable A recent 
development is visible record computers, which have yet to find their 
way into India, arc inexpensive and tan be lustalled in house for smaller 
organisation also 

2. The most significant limitations of punched card processing are the lack 
of memory and rudimentary processing capability There is virtually no 
memory except for the card curiently being processed and the facility to 
lake a few totals* and subtotals Hence it is virtually impossible for 
tasks involving some degree of computational complexity This has 
limited the use of punched card machines merely to transaction proces- 
sing (VIZ such applications as inventory accounting or payroll) 

3 Even at the transaction processing level, these machines have a serious 
limitation Each record has to be accommodated on one (and only one) 
punched card , therefore, applications involving longer records e g., 
customer billing entailing customer name and address) are hard to 
mechanise. 

4 Data files on cards are bulky and therefore, difficult to store and handle, 
there being ever present a hazard of dropping a pack of punched cards. 
The punched cards have to be run repeatedly through the punched card 
machine After a few passes they wear out and must be duplicated 
Direct access is virtually impossible, thereby forbidding not only inquiry 
handling (except for manual access which is error prone) but also to 
make the roost use of every piece of information and update a numbed 
of files in a stroke Since parts and components of these machines keep 
on moving, they soon wear out and give rise to mistakes not apparently 
detectable 
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Re^^at of data M another problem that we come aaoss in the use of 

gathered in numerous batches and 
*” bunches Though not impossible but it ut 

data from these cards There is also 
the attending possiblity of these being misplaced in the process. 


6. The cards grow in number with every Transaction and in a short span 
of time may assume a volume that is difficult to handle. Also 
without adequate control measures, keeping track of the cards will be 
impossible. 


7. Mechnical devices are inherently slower than the electronic components 
in tnc computer Typically, input and output speeds arc much slower 
on unit record equipment and these limit the amount of work that can 
be done in a given time. 

8. Programming is cumbersome and is done by inserting contacts in a 
plugboard or pannel. 


T he biggest problem in starting with unit record equipment and later moving 
on to a computer jS that unit record processing embodies completely different 
concept from the computer Thus, the systems requirrmenis with punched card 
equipment are very different from those with a computer Reicniion "of these 
principles can be very wasteful and inefficient on the computer One of the most 
important principles in data processing is to make the best use of every piece of 
information. This is usually not practicable with unit record equipment, where 
'systems are designed to produce specific reports Similarly, using a run to update 
8 number of files is foreign to uoit-record-trained personnel 

It has been the experience in many installations that personnel trained on 
purched card equipment find it very difficult to adapt their thinking to computer 
techniques This can lead to poorly designed computer systems The management 
also gets a restricted view of data processing and this colours their subsequent 
decisions, often crippling the data processing effort. 
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Hardirare and Software CoatrolS 

lost of the controls are based on the concept of redunciancy. Extra infor- 
mation IS carried for verification of processmg. Alternatively, computations may be 
performed twice. In manual systems the totals are frequently cross-checked (e.g. 
in the Chi-square tabulation). This may be extended for control over computations 
and processing in computerised system also However, carrying extra information 
or doing extra computations is expensive by way of additional storage and 
computational requirements. Thus, although m theory, it may be possible to keep 
strictest control over errors, in practice, however, this should not be carried to the 
extreme. Obviously the right extent of such controls is established by the minimum 
total cost comprismg two components : (i) the storage and computational cost and 
(li) loss arising out of errors, if any. Where possible, such a cost analysis should 
carried out before embedding extra checks and controls in the program or m the 
hardware Regarding the latter, /.«., computer hardware, it has proved itself over 
the years to be remarkably accurate. Rarely, therefore, the user of a computer 
would want to go beyond the controls and checks provided in the hardware by the 
manufacturer, at least, in business applications. 


I.I. Hardware Controls 

Parity Check , (Please see, study I), 

Echo Checking , It is another hardware check Consider the read/wnte 
heads of a magnetic tape as an example. What u being written may also be 
immediately alter and compared. Another such echo-check can be used for’.re 
printer that is actuated at the position desired by an instruction and the actual 
actuation is sensed and compared with what was intended An error signal will be 
given in case of discrepancy. 


1.2. Software Checks ; (Please see Study III for their details) 


Valid Code Check is being discussed heie again to clarify an incidental point 
of importance. It is used for testing the integrity of the 1 nput data Consider an 
inventory file as an example. The transaction file for updating tlie inventory file 
consists of he following transactions : 


Transaction Code 

Receipt R 

Issue I 

Coustomer order S 


Frequency 

30% 

50% 

20% 


The flowchart to be translated into program instructions subsequently should 
be as per Fig 2 rather than being implicit as shown in Fig 1. 
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bckientally, there is another matter of importance in this connection Which 
of the three questions should be asked first ? The answer to this is to be found in 
the frequency of each type of transaction. Suppose that the frequency of each 
type of transaction for a particular situation is as given in the table above. Issues 
are the most frequent. “Is it I” should be the first. Compare the flowcharts of 
^ Figs. 3 and 4. In the former, the program would ask 2nd and 3rd questions 50% of 
the time whereas the same question in the other case would be asked 100% of time. 
The former, therefore, requires less processing time. 
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i.lt. (Control tot4U are used m batch processing. A control figure is 
developed for a field prior to processing by the computer. For example, the wages 
of all employees' transactions in a payroll batch may be added Subsequently the 
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program would also compute the total and compare it with the one derived 
manually on adding machine etc. Instead of the financial totals, like wages an 
awkward data field which is normally not totalled may be picked up. Its total over 
the batch provides the control total and is known as the hash total. The total of 
item codes in a batch would costitute a hash total. Occasionally, just the total 
number of transactions are reoreded as a control total. The computer must print 
out message confirming the comparison even though the comparison disclosed no 
discrepancy. 

1.3. Input Controls 

Input data may be likmed to raw materials in a production process Until 
raw data is captured and input into the computer m suitable form no sensible 
processing can be performed. Tlie quality of the output is bound to be impaired 
and even the files are liable to be corrupted. From capture of data at source to 
its input into the computer there are several intermediate steps and stringent controls 
have to be established at the various stages to minimise errors and loss of docu- 
ments during transmission. Good system design would include provisions for 
insuring accurate and complete input into the aystem. The auditor, in turn, should 
be familiar with the sources of errors, techniques of their prevention and han dling 
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the crreoneous transactions Input errors can occur during the following four 

(i) Incorrect capture or recording of the input data. The goods receiving 
section, for example, may put a lot into inventory without the prepara- 
tion of a receiving document. The stock control clerk, as another 
example, may write the incorrect item code on an issue note. 

(ii) Incorrect transcription. Even experienced keypunch operators make 
errors A study of keypunching error rates of experienced operators 
indicated an error rate of 1 in every J600 key-strokes to 1 m every 4000 
key-strokes. This is likely to be further compounded if the source 
documents are damaged, illegible, not properly filed etc, 

(ill) Loss of documents during transmission. A document may be fraudu- 
lently removed from a batch during transmission or it may drop or two 
documents may stick together so that the one behind is overlooked by 
the keypunch operator 

(iv) Incorrect processing by the computer equipment. The input peripherals, 
as discussed earlier, are liable to malfunction In the direct input 
devices, the data is not only liable to be erroneously keyed in but alto 
subject to errors during transmission. In the former contingency appro- 
priate procedures have to be embedded in the program to detect errors. 
The errors during transmission have to be detected by the transmission 
equipment controls. 

Also, a complete record may not be read because of equipment malfunction- 
ing or some programming defects. 

Wrong files or wrong programs may be inadvertently put on by the com- 
puter operator. 

It transpires then that controls have to be placed (i) at the points of orip- 
nation of source documents and their transcription into machme readable from, (Ii) 
at the points where data is handled or transmitted and (iii) at the points where data 
enters the computer (iv) also important is to lay down clear procedure for handling 
detected errors i e , rectifying them and resubmitting them for processing. These 
procedures themselves could be another source of error. 

Below we discuss the controls at these points : 

(i) Controls over creation and conversion of input data. * 

(a) provide exact number of spaces for the length of various data Mds so 
that if the actual length exceeds or falls short of the spaces provided the 
fact can be spotted by the clerk who makes the entries. Also differed 
kinds of documents may be coloured differently. 
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(I') Documents may also be subsequently vetted by another person for 
correctness, legibility, documents being undamaged and of proper 
colour. 


(c) Important iinaKcial transactions may be transcribed in duplicate on 
two cards by different persons, to be subsequently compared by the 
program. 


(d) During transcription of the data on punched cards there is a scope for 
keypunch verification. It is, however, to be noted that mechanical 
verification doubles the keypunching expenses and it may therefore be 
desired to verify only the critical data fields. For example, the 
customer’s address, even if erroneous to some extent, serves the 
purpose but erroneous account number would occur into a wrong 
transaction. Therefore, such critical fields as financial values and 
item codes etc., must be verified whereas others like customer's address 
may not be verified. Also, cards, pre-punched for the permanent data 
fields may be used. For example, for a stock item a card may be 
punched for the permanent data field, verified and reproduced into a 
large number of cards. Such sets of cards for various stock items may 
then be stocked and cards out of them pulled out as and when receipt/ 
issue transactions take place so that only variable data fields need be 
punched and verified latter. This would considerably cut down the 
verification expenses Use of turnarond documents (viz., cards pre- 
punched for permanent data fields and distributed amongst workers for 
punching the quantity finished off an operation, time taken etc.) should 
be encouraged for the same reasons. 


Statistical quality control techniques (Ref : Study VII) may also 
be employed to control accuracy with which the various operators 
punch the data. Each operator's work is checked on sample basis. If 
the error rate is acceptable no verification is made ; if it is not veri- 
fication is made. 

The punched cards may also be visually inspected if there is a 
provision for interpretation at the top. Likewise, the typewriters may 
produce punched cards or paper tape as output, for example, for an 
invoice being typed, the typed material may then be visually inspected. 

In key-to-tape devices blocks of data are written twice for purposes 
• of verification. Any error the operator notices may be rectified there and 
then. 


(e) Use may be made of check digits (Ref : Study III) for such codes as 
customer’s account numbers, stockitem numbers etc. 
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1.4 Control Over input data retd into the computer 

le exercised by embedding header and trailer control 

study llV"^ " discussed later and sofeware controls in the programs discussed m 


Besides, the batch totals computed prior to processing and tallied with the 
ones computed and printed by the computer after each processing run ensures that 
all Items have been processed m each run Obviously, the adjustments for erron- 
eous transactions would be made in the batch totals computed by the computer in 
each run. Thus batch totals provide rua-to-run control. 

Control over handling of input data 

Batch control tickets, control totals and external file labels, discussed else- 
where, provide control over handling of input data. 

Control c ver error handling routines 

It IS highly desirable to lay down clear procedures for handling errors since 
they themselves could be a source of further errors However, the operator is seldom 
permitted to rectify errors 

The error listing containing reasons for each rejects should be compiled on 
the comouter during each processing run The list is then forwarded to the 
originating department for investigations, rectification and resubmission. The 
originating department may be followed up by the computer data processing 
control section or resubmission may be the responsibility of the originating depart- 
ment itself Anyhow, the responsibility should be clearly laid down The trans- 
mission of listings to the originating department should be logged by the control 
section. Also, the originating department should be instructed regarding error hand- 
ing procedures When erroneous master records are discovered they may be put 
on a suspense file for later investigations. 

Amendments to master files and programs should be checked for proper 
authorisation A register should be maintained for all the changes incorporated for 
review by the originating department. 

1.5. Output Control 

Output control is essential to ensure that those and only those authorised to 
receive the output get them. Incidentally, these recipients constitute a feedback 
loop i.c., they can detect errors and report them to the computer data processing 
section who, however, must vet the output reports for completeness etc. before 
forwarding them to the concerned. 

Distribution controls specify the number of copies prepared by the computer 
operator.' The computer operator may have to remove carbons i.c., decollate the 
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multiple copy lett ot be may have to bunt forms on contiouous statiooary, A 
included is such a control sheet for report distribution as below : 

Report Distribution Control 


Job No 



Job Title.. 


Report Title Copies 

Destination 

Deleave 

Burst 

Bin 

Report Title 

Copies 

Destination 

Deleave 

Burst 

Bini 


Output data delds may also be subjected to such program checks as real 
ableness, completeness etc. 

1.6. Orgaaiaatioaal Coatrob 

In the chart depicted in Fig. 6 it is to be seen that the control section ( 
stitutes the hub of activity in the computer installation. It acts like a bufier bet« 
the user departments and the computer room and auociated activities. 

The original documenb are received in batches in the control section, vei 
for control totals and finally passed on to data preparation section for transcript 
on punched cards or paper tape. The punched cards or tape are received back 
control section from the data preparation section, are vetted for control totab i 
sent to the computer room. Output documents from the computer are also i 
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Fig. 6 

checked before being forwarded to the user departments. The control section also 
maintains a timing schedule on the input, output times of all jobs and a document 
register. The compilation of the schedule and follow-up against it is particularly 
facilitated in case of sequential files, because of batching. The librarian is also 
kept posted with the specifications of programs and files to be wanted in the com- 
puter room against the schedule. The programmers, too, send their programs to 
the operator via the control section and likewise the test reports reach them via the 
control section. 

For file amendments the master tapes are frozen until a computer print-out 
of the amendments is agreed to by the user department with control section 
against the original file amendment sheet. The amendments may be dichotomised as: 

(i) Such trivial changes as the change in the address of a supplier. 

(ii) Such changes of consequence as the new discount rate by a supplier. 

Obviously the latter category deserves more vigilance from the control 
section. 

It can be seen that each section in data processing department is separate 
from the other and each ^roup has its own supervisor. This division of responsibi- 
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lity meets the axioms on which conventional auditing is based. This should dismiss 
any apprehensions that concentration of files at one place m a computer installation 
is susceptible to fraud. Although those intent upon fraud can beat any system, the 
computerised systems are no worse than the manual systems. In manual systems 
the principle of division of responsibility is applied within the , departments whereas 
in computerised systems the emphasis shifts to division within the data processing 
department. Certainly, it is highly desirable to infuse team spirit amongst the 
data processing personnel in the early stages of development of a computerised 
system but as the system matures it is necessary to discourage the informal 
structure. Admittediy, such segregation of duties may not be possible in a small 
organisation, but then the data processing department would not have much 
importance. 

It IS also essential to maintain such safeguards to see that ; 

(i) the operators are not permitted to amend any input data ; 

(li) programmers do not have any access to the program decks and files : 
(lii) no one in the d p department has access to any of the financial records 
in the company ; 

(ivl access to the computer room is restricted, 

(v) a librarian is the sole incharge of device and program storage. 

DAILY LOG SHEET 


N B : Times recorded are to run consecutively. Non-productive time should 
be indicated in the right hand column. 


Date 


1 


Job 

Program 

No 

Time 

Operator’s 

Notes 


1 

On 

Off 

Duration 

initials 



1 




1 


Log Sheet Inspected 

i by 



Date 


A Specimen Daily Log Sheet 
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The log book is required to be filled in by the computer operator eNeryday. 
In it are to be entered the jobs processed during the day and their time, any inter- 
ruptions or breakdoivn etc. To the control section it gives an idea of set-up and 
other non productive computer time and enables them to do more realistic sche- 
duling To the auditor it gives an idea of the condition of the machine or any 
unauthorised use of the equipi cnt Also, the auditor can establish the types and 
frequencies of errors A specimen log sheet is shown on the previous page. 

/^Conosle log book 

It IS a typewriter so connected with the computer that the manipulation of 
the computer switches by the operator, and data entered through the console, and 
the error routines are automatically typed It is also possible to list the jobs and 
their times, therefore, dispensing off with the log-sheets to a large extent This 
attachment is however not available with all computers 
Organisalian of the Data Processing Department 

A typical organisation chart is depeictcd below : 

Data Processing Manager 



Development 

Control 

Operations Section 

1 

1 

Section 

1 

1 

1 

1 

Section 


1 

Systems 

1 

Programmers I 

1 1 

Analysis 


1 

1 1 
Input Librarian 


Computer 



operators 

preparation 


equipment 

operators 

In view of the nature and importance of the control section its incharge 
should be a person of a fairly high rank. The duties of all in the control section 
should be detailed in procedure manuals. It is highly desirable that the work of this 
section is evidenced, say, in a register maintained by the section Aside from the 
control section there may be control group as such or someone incharge cf control 
f work on part-time in each user department. This is desirable in view of the fact 
' that the data to start with is originated and the final output consumed by the user 
departments. 

For details of duties of computer operators the student is referred to 
Study IV. 

1.7. File Control is obviously important since even in a small computer 
installation the number of files may run into scores. The tape reels and other 
removable devices viz, exchangeable discs should be assigned a unique code 
number. A paper label bearing this code may be affixed on the device. For the 
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magnetic tape reels there are available protection rings (Fig 7). The file may or 
may not be written depending upon the ring is inserted m the reel or not. The 
reels should be stored in a systematic way. The tapes that are used for merely 
program debugging and testing and assist in application program execution viz., 
for sorting operations should have reels of different colour. Such tape reels are 
known as scratch devices. When the number of file storage devices is sizable 
creation of a library exclusively under a person should be considered. Amongst 
other things such as noting the locations of the devices the librarian should keep a 
log of each tape. The log should show the number of occasions each tape wr \ 
put to use and any errors with complete details that cccuired during any or 
processing. 



Fig. 7 

The controls can also be embedded magnetically in the magnetic tapes. 
These are known as header and trailer labels that arc put at the start and end of 
each file A typical layout of these labels is shown in Fig 8. It is usual to incor- 
porate instructions in the application programs for containing the header data of 
the file and comparing it with that actually on the file that is brought into the 
CPU for comparison The header data may also be printed on continuous station- 
ary for visual check by the operator It can also be ascertained if the file is due 
for updating. For example, consider a payroll file that is updated monthly, on 
first of every month. If the file is updated on 1-9-82 the dale 1-9-82 may be stored 
in the tape. Subsequently if, for example, the tape is sought to be processed on 
30-8-82 the program would disclose the right date 1-9-82 by printing it on conti- 
nuous stationary for the operator’s information. The trailer label comprises the 
various control totals with which the student should be familiar by now. 

Amendment to Master Files ; For amendments to master files the persons 
authorised to make amendments should be specified preferably in the procedure 
manual. The amendment sheets are u<ually available in pre-numbered forms to 
control amendment initiations. The control section ought to vet and verify these 
for authenticity. Also, the control section should schedule for the amendments on 
computer room and vet the computer print-outs as obtained from the computer 
room. Subsequently, these print-outs are to be reconciled with the original amend- 
ment sheets by the control section alongside the user departments The control 
totals in trailer label of the magnetic tapes must be updated by the program even 
for amendments The control totals may be printed for vetting by the control 
section and verification by the accounts department. Since there are no control 
totals for magnetic disc files unless they are specifically used for sequential access it 
is necessary to review Iheir contents periotlically. 
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Fig 8 

The contents of the files, anyway, whatever the media, need to be verified 
independently on periodic basis Some of the contents would be automatically 
reviewed by the accounts department viz., for Sucb outputs as invoices to the 
customer. The remaining contents may have to be specfically printed on cyclic basis 
in a specified interval time. 

Audit Control Considerations 




In appraising the soundness of the organisational controls, the auditor may go 
by the following matters. 

(i) Does division of responsibility exit ? 

(ii) Does an organisation chart supporting the division exist 

(ill) Are the duties of various personnel clearly spelled out in procedure 
manuals ? 

(iv) Maintenance of the various details in the computer room log book. 

(v) Is the log book subsequently examined by someone ? 

(vi) Are operation instructions for each program available to the com- 
puter operator ? 

(vii) Regarding file storage are arrangements for storage, security and 
back up files satisfactory ? 

(viii) Maintenance of logs of files. 

(ix) Are scratch files suitably distinguished from other files ? 

(x) General discipline in the library. 

(xi) Are the control records being maintained in the control section suffi- 
ciently detailed and meticulous ? 

(xii) Are the input documents and output documents verified for 
accuracy ? 

(xiii) Is the access to the computer room restricted ? 
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(xiv) Is the access to the library restricted ? 

(xv) Do the standby arrangements in case of machine breakdown exist ? 

1.8 Procedural Control 

Procedural control pertains to various applications e g., accounts payable. 
Such controls should be co jiprehensive / e , they should be applied at each stage 
starting with the originating of input data extending up to the destination of the out* 4 . 
put documents. Control totals constitute the backbone of the procedure controls I 
and, as the name suggests, are applicable to each batch Three types of control totals 
can be distinguished : count of tbe documents, hnancial total and hash total. 

It is to be noted that in rudimentary E.D.P. systems, the computer and there- 
fore, the control totals would be ignored. As the system grows such checks and 
controls are necessary to be introduced in the data processing department. Also, 
many of the checks are programmed for so that the computer capabilities are 
brought to bear on the data As we shall see shortly there are specific programs that 
only edit the data for the application program Once again, it is to be 
recommended that the checks and controls are embedded at the time of systems 
development. 

Cost-benefit analysis must be made for each check. For example, noting a 
customer address wrongly would not spoil the system or lead to any loss whereas a 
financial data item may have serious repercussion. It is, therefore, futile to be fussy 
atmut the former, customer address. In contrast, for some of financial data inputs 
two sets of punched-cards by dififerent operators may be prepared and compared by 
the computer for any discrepancies Regarding transaction files and the permanent 
fields in the master file there have to be difierent standards. An error in tbe trans- 
action file e g , punching 32 hours put by an operator in place of 23 hours normally 
leads to one-time error only and is unlikely to be repeated again. But an error in 
the master file e.g , Rs. ll//iour wage rate against the correct one Rs IQ j hour, n 
a perpetual source of errors. 

For each transaction a punched card is prepired. The deck of transaction 
cards is headed by a card containing tbe controls totals for the batch The totals 
may be computed manually with the aid of simple adding machine or some sort of 
punch card equipment may be used to perform punching and adding simultaneously. 

The control totals are later compared with those computed by tbe computer during 
processing of the batch. 

Fig 9 shows, however, the various stages for procedure controls m more 
detail. The user department should have definite rules to follow and checks t o 
perform. Preferably these should be laid down in the procedure manual in detail. 

To start with the user department would vet the source documents for any appa- 
rent discrepancies v/r, the goods receiving may look for the right purchase order 
number on the advice notes sent by tbe vendors, the accounts department may 
likewise vet the invoices. For important documents they must verify if the initials 
of the authorised official are authentic. There are frequently pre-nurabered challans, 
material requisitions, etc. For each batch the user department must ensure that 
they can be accounted for. The hash and financial totals and counts of transactions 
arc to be performed by the user department for each batch. The transaction codes 
are to be entered and verified by the user department. Finally, the user department 
ghoidd forward these to the control section of the data processing department 
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Recording to their schedule or time table. 



Fig. 9 

In systems employing remote terminals the access to terminals should be 
restricted since advantage of batches and the associated controls cannot be had. 

, Control section, upon receipt of the batch of documents, scrutinise the docu- 

^ ments if they are properly completed and authorised. Control section should main- 
tain a register wherein they note down the particulars of the batches and the control 
totals. They may have occasionally to follow up the user departments for sending 
in the documents in time if they happen to be late. Control section should foward 
the documents to the data pirejiaration and arrange for the input media 
(vte., magnetic tapes) in the computer room. 

In the data processing section punching and verifying should be the respon- 
sibilities of different persons. The procedures for re-transcription upon errors 
•bouM be clearly laid down. It is also necessary to keep a record of the errors that 
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were rectiSed. Some inputs, mostly financial, may call for highest degree of accuracy. 
Two sets of the same transactions may be prepared by different persons. Subse* 
quently, the computer would compare the two and compile list of errors, if any. 
On the other hand, some transactions or data fields may not call for a high degree 
of accuracy. No verification needs to be carried out for such cases. The transcribed 
data {i.e. deck of punched cards or paper tape) is then forwarded to the control 
section who would ascertain the count of the documents in the batch and the 
transactions prepared. Also, they ought to ensure the data preparation section 
works to schedule, and no batch is lost. 

Editing : The input data are subjected to intensive editing by human beings 
or computer or both Such editing ensures the mtegnty of the master files, engenders 
trust in the output information and reduces the time required for re-processing 
the erroneous cases. The various stages of editing are supposed to be scheduled 
by the control section who would also review the results of each editing run and 
follow up the concerned for action on erroneous cases, which are discussed below. 

Precompoter Editing may either be manual or by means of some punched 
card equipment. The number of cards may be counted, their sequence ascertained; 
their contents printed for verification and financial and hash totals verified. 

Computer Editing : In computer installations employing magnetic media 
the transaction data on punched cards or paper tape is transferred on some 
magnetic media. Advantage may be taken of tins to perform limit tests, format 
checks, checks for valid transaction codes, verification of financial and hash totals, 
appropriateness of check digits etc Furthermore, the transaction data can be 
checkra against the master file which should be used for verification only and no 
updating at this stage. These checks may include, for example, comparision of 
some permanent fields occuring both on a transaction record and on its counterpart 
m the master file. The error list is invariably compiled for this run and forwarded 
to the control section. 

SetHip Checks are performed by the computer operator who would ascertain 
that the right program and files are being used Towards this purpose there may he 
provision in the program to print the header label (Fig 8) of the file and the name 
of the program. 

Master File Controls : An error in a transaction file is not so serious as that 
in the master file since it is not going to be repeated whereas the latter could be a 
perpetual source of errors. To ensure the integrity of the master file is therefore 
bi^ly important. 

Any amendments desired in the roaster file must be approved by the highest 
authority on the data proposed to be amended. There should be pre- numbered 
forms for amendments which must be verified in the control section with regard 
to initials of the concerned. The amendments should be scheduled for the computer 
room by the control section. The print-outs of the amendments ought to be 
scrutinised both by the control section and the concerned user department. To 
ensure the integrity of the master file, which is liable to be corrupted by an error 
in a transaction, the contents of the master file should be printed and verified 
periodically. During processing by the program the record count, financial and 
hash totals can be obtained and maintained in the trailer label. The print-outs of 
these controls may subsequently be verified by the control section and the user 
department. 
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Output Cjntrol The conputer room forwards the print-outs to the control 
section who check these for accuracy, completeness and control totals Control 
section carries out follow up on error lists The output documents are finally 
forwarded to the user departments The control section should aKo exercise control 
over confidential information viz , salaries. 

Applications in any computerised organisation are numerous The auditor 
would have to review the procedure controls for each application. Towards this 
purpose he may study the system flowcharts, program specifications, file layouts, 
input and output data fields, methods of input, list of program checks etc 
Obviously, this amounts to a ’considerable task for the auditor. The nature of 
controls may also change with time This further complicates the auditor’s 
task. It IS, therefore, desirable that the auditor drafts a check list or control sheet 
SO that no aspect of procedure controls is overlooked The check list should 
include all important fields and the auditor should note at what stage controls for 
these are established and what stage these are verified With regard to checks and 
verification the computer capabilities are often ignored and the management tend 
to rely upon clerical verifications This mistrust about the computer or ignorance 
about the capabilities is, however, not justified. Much of checking can be performed 
by the computer more efficiently The auditor should, therefore, ascertain the 
extent to which computer is employed towards this purpose 
A specimen check list is shown below ; 




Item 

lines 

on 

goods 

receipt 

note 


After Computer 
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Idiecte^ source docUiUeots^ which started the general ledger ^tings. Likewise, hu 
may start with a purchase order and review the goods receipt notes for delivery 
agamst It, m 'V'tion reports, stock records, accounts in nommal and purchase 
ledgers, the mv'^ices and ultimately payment. This mode of examining the 
soundness of the system has been the cornerstone of conventional auditmg. The 
facilities the auditor enjoys with regard to tracing audit trail in manual systems 
are summarised below (Ref : Fig. 10) : 

Source documentation are records of originating transactions which are used 
for postmg to the journal and the ledger. These aid the auditor in exploring the 
underlymg details of the accounts and m determining the effectiveness of internal 
controls. 



TRANSACTIOW JOURNAL LEDGER REPORT 

DOCUMENTS TRANSACTlC>N SUMMARY 

LISTING 


Fig. 10 

Detailed chronological journal is the record of all events in a dairy form. 

Ledger Summary provides the detailed information about how a balance 
accumulated to what it is to date. 

Furthermore, all the records are visible, easily accessible and the auditor 
can observe the transactions being posted, ledgers being updated, summaries being 
prepared and inquiries bemg handled. He can thus form an overall and general 
impression about these activities 

Computerised systems, however, do pose some problems in this regard which 
though have been exaggerated in the past. These are enumerated below : 

(i) Source documents once transcribed on to a machme readable medium 
are not retamed m a manner that permits their subsequent access. 

(li) In case of CRT’s there may be no record whatever of input transactions. 

(iii) Ledger summaries may be replaced by master files which do not show 
the details of the build up of the balance or summarised values. 

(iv) Transaction listing is often not provided. 

(v) It IS usually not necessary to prepare detailed reports and the manage- 
ment may be content with merely reports on exception basis. 

(vi) If the records are maintained on magnetic media they would not be 
visible and the auditor would not be in a position to observe the various 
data processing activities and form opinion about them easily. 
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fiecaUse ot these factors the audit trail is liable to be rendered sketchy. 
Nevertheless a few additional steps may easily and inexpensively complete the audit 
trail. This we shah di>cuss separately for the magnetic tape and magnetic disc 
installations. Punch card files can be treated in the same manner as the maguet.c 
tape files. 


Audit Trail/Magnetic tape files 

In the case of magnetic tape installations, the transaction listing, though not 
absolutely essential for the management, can nevertheless be pruned out for the 
auditor and even the management The master files, ordinarily, do not carry the 
details of the build up of the summary figures but these details can also be incor- 
porated in the files to complete the audit trail {However, for the individual records 
It would be expensive to show the details of each and every transaction in the 
magnetic tape files] Also, if the older files are retained on the father-son concept, 
it is possible to reconstruct the latest file from the pervious week’s master file 
copy. These measures can ensure the completeness of the audit trail without much 
additional expense and effort. 


Audit Trail/Magnetic Oise Files 

Sorting of the transactions is not needed and the transactions can be (and 
are) processed in any order, though magnetic disc files may be updated in the 
manner of magnetic tape files, le, with batched and sotted transactions. In the 
latter case, the problem of completing the audit trail can be handled exactly as 
discussed above in the context of magnetic tape files. Now, m the former case, 
when transactions are not sorted and are processed in any order, the transaction 
list can still be printed in different headings representing each kind of transaction 
for ea se m subsequent reference and connection In the magnetic disc, unlike the 
magnetic tape, data are updated bv overlaying ; therefore, the contents of the older 
master files have to be periodically dumped on magnetic tapes to enable the 
auditor to trace any new balance figures to its source documents It is also not 
unusual that the input transactions for the magnetic disc files may be sorted in an 
order to minimise seeking time for the file device but it may not be useful for 
reference purposes , therefore, it may be desired to sort the transaction documents 
by same convenient key after their transcription and processing 

Audit Ti ail/ Advanced System. In advanced magnetic disc installations 
the transactions may be directly input via remote terminals, elimmating thereby 
the need for source documents. However, management would usually want th« 
the svstem maintains transaction file records of the transaction input The recoM 

Miv ^ ^ |..^t 'J'Jjjg gjg 


may also contain reference of the individual who input the transactions 


than provides a transaction list which may be sorted by the desired key and its 
contents printed However, although, the provision of such transaction list 
diKussed above is a way towards completing the audit trail, because of the fact 
that several files may be updated with a single transaction the audit trail may 
seldom be complete m advanced systems. 

The appropriate provisions to complete the audit trail in computcris^ 
system have tb be made right during the systems design stage. The auditor should 
tSrefore be involved at the earliest. Below, we give three methods by which the 
“mplctc audit trail can be had though other alternative methods can be conceived 

by the systems designer. 
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(H As depicted in figure 1 1 the printout of the filed record not only gives the 
current balance but also all the change references. With the later the 
summary figures can be traced back to the transaction list and finally, to 
the source documents. 



rsAC^TION PRmmuT OF FiLr. 

LMm mms 



balancl a 

WCUMENT 

REFFRENCeS 


nOCUMENT 


RRINTCUT OF FILE 
RECORDS 
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(H) The printout of the file records (Fig. 12) gives just the current balance 
and no change references. Therefore, the transaction listings have to be 
searched and correlated to arrive at those balances for audit purposes. 

(Hi) The summary printout (Fig. 13) not only gives the balance figures but 
also the references of transactions that caused the change in the balance 
so that the audit trail is obvious. The design, however, would be suited 
to situations in which the transactions are few and far between. 

3. General Audit Considerations 

Computer is not subject to fatigue and su^h other human failings. Its error 
freeness is unprecedented. But the programs it executes, the files it updates, the 
data that is put into it are prepared by human beinps Therefore, although the 
computer itself is virtually free from error this is not so with the data processing 
system as a whole. 

On the other end of the spectrum, perhaps oecause of its mysterious invisible 
data storage, the computer appears to be imposing an extra burden on the auditor 
This, however, is not true. It only shifts the emphasis from vouching individual 
records to checking the system as a whole Also the controls have to be embedded 
during the systems development stages. These cannot be grafted upon an existing 
system. 

There is an argument that since the unit record equipment has been ignored 
in auditing practices, the computer too should be ignored. But there is no reason 
(or excuse) for having ignored the unit record equipment. It is surely a significant 
centre of data processing though the computer is far more powerful and flexible a 
too] than the unit record equipment controlled by means of a trivial and rigid 
program. This is supported by the following facts • 

1. It does away with departmentalisation to quite an extent, and assumes the 
role of the nerve-centre of an information processing system For example 
the input of the particulars of a customer order could be comprehensively 
processed in the computer room i.e , the accounts receivable file may be 
updated, invoices to customers and despatch notes to the despatching 
department may be prepared, repenishment order may by placed on 
purchasing department, or even on the suppliers and stock records may 
be u^ated. 

2. The trend now-a-days is towards an ultimate of paperless information 
■yitems viz., the particulars of customer orders processed in the manner 
of I above do not necessitate printing of such intermediate information 
as updated stock balances. In systems employing remote terminals, even 
the customer’s order particulars may be keyed in via CRT’s. Although 
entirely paperless information systems may not be possible in the near 
Aiture or It may even be a myth, yet it is a fact that several printouts as 
were prepared in manual systems have been curtailed. It becomes 
dHBcuft therefore to trace an output back to inputs or vice versa. In 
other words computer renders the audit trail incomplete. 

3. Problems of invisible data stored In such magnetic media as tape and 
disc. 
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4. Although human beings are prone to errors they are also good enough 
in detecting these The computer does not possess this capability. 
Checks, therefore, have to be provided for many contingencies. And yet 
there is a possibility of bugs stikeing on ih the program or creeping during 
hie conversion. 

5. Quite a few frauds, unique to the computer, have been reported. 

(A) A programmer increased his overdraft limit from 200 to 2000. 

(B) By means of a fraudulent program, a programmer gleaned a half cent 
from everyone's wage/salary in his organisation rather than rounding 
It off for the individual. 

(C) Invoices for fictitious goods from fictious companies were settled 
through a computerised system. 

(D) Unauthorised sale of computer time was made to outsiders. 

(E) Information in the output documents was given to company’s 
competitors. 

3.1 Audit approach. It would depend upon computer configuration, the stages 
of systems development and soundness of internal controls. The following three 
approaches, m practice, can be distinguished : 

1. Systems that do not employ magnetic auxiliary storage are usually simple 
and print outs of information are generally available to the same extent as in manual 
system. However, not all systems employing magnetic tapes or discs would be 
complex and some of these too may be as simple as those with non-magnetic auxiliaiy 
storage. Obviously, the question of incomplete audit trail does not exist m such 
simple systems. The auditor may therefore give only cursory attention to the existence 
of the computer. 

2. In magnetic file installations that have not yet switched on to operation 
by remote terminals but are sufficiently complex to merit review of internal control 
the O.P. department is to be audited and management should also make arrange* 
meats for completing the audit trail to enable the auditor to trace the system by 
means of transactions as in conventional auditing. 

3. Where the internal control in both the data processing and user depart* 
ments is sufficiently reliable the stipulation on audit trail may be dropped. Instead 
the auditor may employ special techniques. 

It is to be noted that the batch control techniques are a prominent safeguard in 
sequential processing— so much that often even magnetic disc files are bandit on a 
batch mode simply to derive benefit of the batch control technique. With mametic disc 
files, especially used in conjunction with remote terminals, batch control is Irot. With 
such systems and sometimes also advanced systems around the magnetic tape, 
provision of audit trail becomes quite expensive and an unnecessary extra burr^ 
to the management. Under such circumstances, be may want to make use of test 
packs and other special techniques which, basically, depend upon the computer 
capabilities themselves for performing audit. But the special techniques also are fairly 
expensive. Therefore, it must be considered whether special print-outs to complete 
the audit trail are cheaper than the special tediniquea. If to, the aw^tor should 
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endeavour to convince the client regarding producing special print-out for purpose 
of auditing. It is particularly useful if the management goes in for auditor’s require- 
ments with regard to selective print-outs at an early stage of development of the 
system. This wculd obviate the need for special print-outs at a later stage. 

Computerisation should normally strengthen internal control One reason, 
and a leading one at that, is that the systems analysis is carried out. Several systems 
have reported improvements m this and other directions merely because of the review 
and the overhaul of the system rather than because of the computer itself Also, 
^ computer concentrates data processing at one place and it is therefore, easy to apply 
various controls. Computer’s error-freeness, of course, is another reason for better 
internal control 

The auditor should also be concerned with the information system, / e , see to 
what extent management’s information requirements are being met and in time. 
Unlike inanual systems it would usually be difficult for the auditor to form a right 
opinion in this regard This is because there would be few print-outs. We shall 
discuss matters pertaining to internal control in the user as well as the data proces- 
sing departments m the following pages 

Regardms hasion between management and the auditor it is to be desired 
that rapport is built right during the development of the computer system so that the 
auditor advises the client about print-outs and controls etc, at a time when it is so 
easy to make arrangements for these m the programs. Also, development of the 
systems as a whole should be the auditor’s concern Regarding introduction of 
programs he would want to know the results of tests on programs ; who approves the 
programs and who looks after the programs and other docurocntatioa Not only new 
programs but also amendments of these have to be under auditor’s surveillance, i.e., 
who authorise amendments, who tests the modified programs and what are test 
results 7 The auditors should also sec that the software library is well maintained. 

3 2 The Audit Process 

The audit process may be described by means of the flow-chart given below. 
It consists of the following ten steps ; 

1. The auditor gains an overview of the system by acquainting himself with 
the hardware, software, brainware and the interaction of the user with 
the computer. He also studies the existing and proposed organisation 
charts for the computer data processing department as well as the entire 
organisation. He may want to go down to such detail as the lines of 
authorities, job titles and, descriptions, number of employees and cate^ 
ncs, vacancies etc. He gathers or compiles a list and layout of the 
^ computer hardware i.e., its configuration, including location of 

communication channels and termmals, capabilities of the CPU and the 
peripherals and the auxiliary equipment. It should also be ascertained if 
the equipment is purchased, rented or leased and how many shifts it is 
operated and what is the daily meterage etc. Regarding software, the 
languages in use should be ascertained and systems developu^t, 
program and operating docuroeoiations should be collected Such 
documentation would assist the auditor to understand the organisational 
objectives and to see to what extent these are being met by the 
computerised system. 
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2. The auditor may want to interview the penonnel (uien) acron all the 
departmenU in the entire organiiation to obtain evidence about worth* 
while of the computerUed mtem that ii to what extent the lyiteiB to 
meeting ita objectivee, realtoing the anticipated payoffi, bow the uien 
are interfacing with the lyitem for inputa and to what extent they are 
aatiifled over compieteneia and accuracy of the output! and, above all 
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how satisfactory and comprehensive are the controls. Regarding the 
controls, he may have to interview and observe the computer operating 
personnel Observing the system closely is a sound technique for 
uncovering its weaknesses and errors and determining the direction and 
intensity of further audit. There is no substitute lor observing. The 
auditor would also want to use questionnaries which he should preserve 
in his working papers because they provide evidential information 
required for expression of an opinion. 

3. Controls are embedded in the system to enhance its efficiency, integrity 
and accuracy and prevent fraud and errors. Obviously, the auditor should 
have acquired sufficient understanding of good standards, operating 
procedures and controls as discussed in earlier sections and studies. The 
auditor's primary purpose in reviewing the internal controls may be 
summarised as below. 

“There is to be appropriate study and valuation of the existing 
internal control as a basis for reliance tbereon and for the determination 
of the result in the extent of the test to which procedures are to be 
audited.’* As a secondry purpose, the auditor may also want to make 
constructive suggestion to the client regarding improvement m the control 
though this is entirely his discretion. 

The auditor would have to investigate the controls that are applied 
to computer data processing organisation as a whole and those associa- 
ted with each individual application. These are listed below and have 
been discussed in detail elsewhere : 


General System Control 
Organisation 
Documentation 
Hardware controls 
File safeguards 


Specific Application Controls 
Input and output controls 
Processing controls 
Audit trail 


The principal tool for reviewing both categories -of controls is the 
questionnaire a sample of which on documentation controls alone is 
shown in Appendix A to this study note. 1 be other source for reviewing 
the application controls only is the error lists which, however, provide 
only negative evidence about the controls which are operating and does 
not give any idea of the controls which are either wrongly operating or 
are missing. 

4. However, questionnaries and review of error lists can lead only to preli- 
minary evaluation which can only be finalised upon compliance tests which 
for example, would consist of ascertaining if the cards under verification 
are being notched, if the computer log book it properly mainuined, if 
programs are properly authorised, if the control totals are being recon- 
ciled etc. The program controls would be tested either by error lists or 
special auditing tecniques to be discussed later. 

The questionnaire may for example, inform the auditor that files 
are being retained on the grandfather-father ton principle- but he would 
'have to »ppiy the compliance tests to tee if this it really to. Towards 
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this purpose, he may take possession of the current, say, accoimts payable 
file and then ask the EDP staff to recreate it from the previous period's 
files and then subsequently compare the actual with recreated version. As 
a more comprehensive and aggressive test of this he may cease all the 
computer operations, ask the EDP staff to bring the back up system into 
operation by reproducing the current files from the grandfather>fatW 
files and switchmg to back-up facilities and coptro^hcy procedures. Any 
failure or lethargy to switch over to the back up system and back to the 
original would be noted, investigated and corrective measures formulated. 
The compliance tests would determine the direction and the depth of 
the audit and the mix of the techniques to be employed towards sub- 
stantiative tests. 

5. The requirements of auditing in computerised systems may be summarised 
as below ; 

(a) Evaluate the system of controls 

(b) Trace and test transactions 

(c) Verify the accuracy of the files of the data base 

(d) Form an opinion and recommendations about reliability and inte- 
grity of the outputs from the system, and communicate these in the 
form of reports. To execute these the auditor must : 

(i) observe and review. 

(ii) inquire, 

(ill) inspect, 

(iv) test, 

(v) sample, , 

(vi) confirm and 

(vii) compare 

These tasks can be performed by the auditing techniques discussed 
below the mix of which the auditor would have to determine on the 
basis of the evaluation of controls by means of compliance tests. 

6. Apply audit techniques as discussed in the following section. 

7. to (10). The student should be in a position to elaborate these steps on 
the basis of bis auditing studies, 

4. Audit Techolqiiet 
4 1 Aoiltkv Aroaod tbe Conpnter 

The approach is also known as the black box approach. Black box approach 
syiqbolises auditor’s atter'pt to find audit satisfaction with regard to tbe accounts 
tnaistaiued in computer by tracing, correlating and vouching data from output to 
tooiee documents and vice versa by ignoring the process of tramformation that 
takes {dace inside tbe black box i e. tbe computer. 

In respect of tbe computer, this approach would generally be employed to 
the bdiaviour of systems whose mechanism is too complex to comprehend. 
Without foiiv into the transformation taking place in tbe systems tbe analyst 
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manipulates the input and studies the effects on output. In the context of auditing 
ramputerised accounts, the auditor employing ibis approach does the same thing. 
He IS not concerned with the program or mechanism that causes the transformation 
of the input data into output data. He would select test transactions processed by 
the compjter and ascertain that the computer outputs corresponding to them give 
the right results. » e* 

However, with growing use of computer in business situations it is high time 
V when the auditors shed their aloofness to computer and get more intimately 
'fw involved with it so that they understand the machine and its workmg and thereby 
make effective use of this knowlege in auditing. 

The advantages and disadvantages of this approach of ignoring the computer 
for auditing are given below : 

Advantages 

(i) The auditor does not require any knowledge of the computer and data 
processing. 

(li) The requirements of the auditor arc not inconsistent with those of the 
systems analyst It is only possible, of course, if the system is to be 
designed around the magnetic tape 

(iii) It is simple, straightforward and easily understood by everyone. 

(iv) It IS cheap in terms of audit resources to be used. 

Disadvantages 

(i) The auditor is not utilising the potential of the computer to assist him 
in his burdensome task and where the data is voluminous, it would be 
impractical to do manual test. 

(li) This approach ignores a positive test of the program controls though, in 
fairness, it must 1^ stated that the error listings provide quite a good, 
though not complete, view of this 

(iii) It amounts to auditing in nature of post mortem rather than preventive 
auditing. , 

(Iv) The insistence on maintaining the trail for this approach would inhibit 
the system designer to tbmk in tcims of sophisticated systems. Also, 
this may tie up the printer because of enoimous pnnt out requiremenU 
of the auditor. 

4.2 Teat Pacfci 

Test packs are a set of data in machine readable form i.e., on punch cards, 
paper tape, magnetic tape, etc. 1 his data is devised by the auditor himself to test 
the various alternative branches of the program and the program controls for both 
valid and invalid conditions. This test data is then run against selected master 
records to judge the robustness of the computer pregisms. Ihc test data approach 
is particularly useful when (i) a significant part of the system of internal control 
is embodied in the computer program (it) the audit trail is sketchy and it is difficult, 
impractical and expensive indeed to trace mputs to outputs and vice versa, and 
(ttO the volume of records is so large that it is more economic to use the test 
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In this method, the auditor has to satisfV himself that the program he tested 
is really being used by the client. This he can do in one of the following three 
ways : (i) the auditor tests the program with his test data and then supervises the 
client’s normal processing run with the tested program, (ii) the auditor repeatedly 
uses the test data during the auditing period which, however is feasible only if he has 
access to the computer via remote terminals (in) he satisfies himself over the 
internal controls of the client over programs and program amendments and infers that 
the program tested is representative of the program used during the audit petiod. 

The test data may not necessarily be put on such machine readable file 
media as punched cards, paper tape or magnetic tape but it may also be put on 
MICR or OCR documents so that these are both machine and human ireadable, 
or be may put it on plain paper especially when he intends not only to test the pro- 
grams but also transcription. 
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The following steps are involved in developing and using the test data : 

(i) selection of the master records, 

(ii) selection of the transactions. 
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(Hi) developing the approriate working papers. 

(iv) pre-computing test results in long hand for the selected master records 
and transactions. 

(v) investigation of the effects of transactions on the master records in case 
current live master records are being used This is nessessary to reverse 
the updated master records back to their original status. 

Selection of marter records : The following three possibilities exist for selec- 
tion of the master records (i) current live master records (ii) special audit records 
put in the master file and (iii) obsolete master records or copies of the current live 
master records. 

In cases (i) and (ii) the master records are included m the current master file 
and, therefore, are processed for testing by the auditor during the course of the 
norm^ processing run but in case (iii) the auditor specially sets up the computer 
for test purposes. The pros and cons of each method are discussed below : 

Current Master Records. The advantages of these records are that the 
auditor can do his testing on a surprise basis. He need not set up the computer 
specially for testing and since the tests are being performed on the current records 
any omission or discrepancies in them can be brought out. However, the dangers 
of distrupting the normal processing runs are so great that this method should not 
be attempted by an auditor lacking any way in computer expertise. The auditor is 
also liable to be criticised for any complications in the normal processing run. 
Above all, the up-dated records have to be brought back to their original 
status. 

Special Audit Records. The auditor devies these records and puts them at 
the end of the client’s master file. These dummy records are then up-dated by the 
test transactions during the normal process run. 

The major advantage of this approach is that the current master records are 
not updated ; with the result their contents have not to be reversed back to the ori- 
ginal status but the output reports are liable to contain the results of the up-dating 
of the dummy records making clerical adjustments of these reports necessary. 
Since the current master records are not updated their weaknesses woulud not ^ 
revealed. The dummy records arc also liable to clutter up the master files. This 
approach also requires a great deal of preplanning on the part of the auditor and 
participation by the client The dummy records are also liable to be used towards 
fraudulent ends by client’s staff. 

Obsolete Master Records. These records may come from the previous 
grandfather or great grandfather files or may be copied from the current masttf 
files. Incidentally, since the magnetic disc files are updated by overlaying their 
older versions would not normally be available and it would be ncc«sary to dump 
their contents periodically on magnetic tapes. Computer has to be sp^ialiy set 
up for running the test packs which is expensive though this obviates any 
complications in the normal processing run and reversal of the status of the 
master records to their current status. 

Types of Transactions 

In order to devise appropriate test tr^actions the auditor would have 
to study the program documentation viz., decision tables to mark out the various 



program branches for testing. He may also want to test the various progr am 
contorls for valid and invalid transactions. He may however, find it expedient to 
use the packs compiled by the programmers during program debugging. This 
incidentally can reveal the outdated or missing program controls andthe auditor 
can advise the client accordingly, of course on discretionary basis. Also with the 
advancement in computerised systems the client’s programs are likely to be refined 
so that the auditor can use them with more reliance. 

Working Papers. For development and review purposes, the tests should be 
documented in working papers which may mclude the following schedules. 

(i) Test data controls. This schedule describes the conditions that are to 
be tested, the precomputed results and later the actual results. The last item, the 
actual results should also be accompanied by the output report m which it appears. 

Transaction data. This worksheet includes all transactions which are to be 
processed for both valid and invalid transactions. 

Master file data includes the contents and format of the selected master 
records. 

The documentation may also include the decision tables in which the condi' 
tioos to be tested and the actions to be taken by the computer are put in a tabular 
decision format, and the computer print-outs of the actual test results. 

Advantages and disadvantages of test packs 

Advantages : 

(i) The auditor need not possess detailed knowledge of the computer data 
processing. 

(ii) Verification of the computer output with per-calculated results can be 
readily accomplished. 

(iii) The necessity to maintain the conventional audit trail is diminished. 

(iv) The test pack approach is particularly useful where permutations 
and combinations of contingencies are limited. 

(v) It is a highly objective approach. 

Test packs can be applied on a surprise basis to discourage the unauthorised 
modifications of programs. 

Disadvantages : 

(i) If the file structure is changed or changes are incorporated in the pro* 
gnunt the test packs would be invalidated and new ones may have to be compiled 
and rids happens all too often. 

(U) Since the auditor may be dealing with organisations of diverse bade* 
grounds be would have to compile such test pack for each of them and that may 
tom out to be quite brudensome a task. 

(iii) If a minor deviation is detected by the auditor he would not be in a 
poaition to assess the extent of its seriousness. 

(iv) In complex systems where there exist myriads of permutations and 
pmabUiatioas of contingencies it would be unwiledy. 
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(v) the auditor would have to familiarise himself sufficienlty with the Ard- 
gram logic. 

(id) Despite full efforts to test potential errors some errors may still exist 
This IS in view of tens of hundreds of different paths that may exist m a program. 

(vii) It IS not unlikely that the test packs leave undetected some fraud 
motivated instructions in the program since test pack design does not take them into 
consideration. 

4.3 Using the computer for Auditing 

Doubtless that computer obviates several intermediate printouts and the 
hidden records in the magnetic media could be problems for the auditor not 
^equately trained in computer data processing ; but the very fact that records are 
in a machme readable form suggests possibility of using the capabilities of 
computer to assist the auditor in his burdensome task This, however, requires 
that the auditor is sufficiently proficient in computer data processing and program* 
ming. Computer, if the appropriate instructions are written and fed into it as the 
program, can perform following computational or comparison tasks : 

(i) The auditor can test extensions and foot totals on a sample or entire 
population of items. 

(ii) The computer can select the accounts for confirmation on the basis of 
some quantifiable criteria (e.g , accounts exceeding a certain limit or 
accounts at ml value) and any sampimg plan. The format of the request 
can be designed to facilitiate mailing and audit follow up. In one set op 
computer can print out the confirmation request and its envelope and 
the envelope for the reply and even a reminder. Subsequently these 
confirmation requests can be mailed to the customers and the vendors 
for their confirmation 

(iii) The computer can examine records for completeness, consistency, valid 
conditions etc For example, customer file records might be examined 
to determine those for which uo cred*t limit is specified etc. 

(iv) The data can be summarised in various ways and several analyses can 
be performed on it. The examples would include stock valuation reports 
and aged accounts receivables. 

(v) The computer may be programmed to select audit samples by the use 
of random numbers by systematic selection techniques and they can be 
prmted for the auditor The examples would include printing the details 
of those customer accounts which are beyond a certam rupee amoimt 
and those below this amount on a sampimg basis. 

(vi) The data fields which appear in more than one file can be compared by 
a computer program. 

(vii) The auditor can usefully employ the sequential sampimg plans of the 
statistical quality control techniques. Let us first explam what these 
plans are in the context of inniection of lots of items received from 
outside vendors. A sample from a lot is taken and each item in it is 

« ins pf Tt*^ Two numbers are derived statistically. Call these a and b 
whw a/.b. If the number of rejects are less than a the lot is accepted. 
If the number of rejects are more than or equal to b the lot is rejected. 



If the number of rejects lie within a and b another sample is taken 
from the lot. This process of three alternatives upon the results of 
each successive sample is continued until the lot is either accepted or 
rejected. Now in the context of auditing, the auditor, over the years 
would have formed the opinion as to the number of oermissible errors, 
say tn a payroll application m a sample of a given size. Bas^ on 
the actual results he may accept or reject or proceed with the next 
sample. 

(vtii) Audit data can be compared with company records. For example, the 
actual inventory counts can be compared with those on the records by 
means of the computer For this procedure the audit data must be 
converted to machine readable form. It is to be noted that the afore* 
said computations and comparisons would also be performed by the 
client and it is expected that he would have the necessary programs 
written for these. The auditor may want to use these programs after 
satisfying himself that they are satisfactory. He may assure himsetf 
in this regard by appraising the internal controls such as documenta- 
tion, separation of duties, change procedures and tape library 
procedures. 

Computer Audit Programs 

There are many audit functions which change very little from client to 
client. This would suggest the possibilit;|r of using the generalised audit programs 
which may, however, have to be modified slightly for each client. The difficulties 
aud the favorable points for using the generalised audit programs are discussed 
below : 

(i) Computers of different makes would make it extremly difficult to write 
generalised audit programs. In the past, even in a manufacturer's line 
there has not been compatibility. Nevertheless, now a days, the 
computer manufacturers are marketing families of compatible compu* 
ters. Also, if the client switches over to another brand the computer 
manufacturers would provide compatibility through simulators and 
emulators (Ref : Study V) The fact that a few computers dominate 
the market makes writings of generalised auditing programs easy. 
Furthermore, the increasing use of the high level language, COBOL is a 
favourable trend in this regard. 

(ii) For the same model of computer also, numerous configurations are 
possible. Therefore, the generalised audit program would have to cover 
all these configurations. This would make the programs very bulky 
and difficult and expensive to write since, for example, record main- 
tained on a direct access file are referenced and accessed differently 
from records on a magnetic tape. 

(iii) COBOL compilers may not be available with smaller computers. Also, 
the environment and data divisions of the COBOL programs may differ 
from client to client. 

(iv) Clients would be maintaining their files in different formats. This would 
necessitate conversion of these individual formats into a standardised 
format to suit the generalised audit programs. 
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4. Audit Review of Application Programs 
program w’Sbe d?fr?»!r\l?^detcc?\®^ 

techniques. This should highlight the nkdsuy or ^ or special audit program 
program code itself Surely, this would rcauire^.m scrutinismg the 

fng in the language m use " Also, WouK^ Tk Programm- 

wntten by others are notoriously diflrcult to be deemhered RiiiTh^ 
be coming into grip with the program which is^hc most^^enc^ 
puterised system for exposure to fraud and errors Towards rhic 

The fraudulent programmer can build trap doors in the procram which ooen 
to o^rate when a particular event or sequence of instructions 'happens These 

he For example these instructions may 

he activated m favour of a particular account number. Now if the auditor rigoro- 
usly reviews the programs coupled with then testing by the test pack the possibility 
or undetected errors is minimised Reviewing the programs is the strongest 
auditing technique Human beings, even with standardised procedures tend to act 
differently and inconsistently at different occasions ai^d this is not’ so with the 
computer which, fed with the same program and run repeatedly, would produce 
the same outputs 

Thus, if the auditor has reviewed the programs and satisfied himself he can 
place a great deal of reliance in the system The drawbacks of this approach are 
that It is time consuming and auditors ought to know the language in use If -it is 
other than COBOL it would be very difficult to learn Nevertheless, this 
technique is the most robust and should be applied to test the most important 
and frequently used programs The following are the reasons which may prompt 
an auditor to go m for the review of the programs 

fi) To detect and dicourage errors and fraud. 

(ii) To appraise the extent to which good program practices have been put 
to use i e. if the standard data names and the meaningful paragraphs 
are being used instead of programmer’s relatives’ pet names 

To satisfy himself that sound accounting practices have been followed 
and doubtful ones uncovered. The systems designers, for example, 
may fraudulently change over to different inventory valuing methods’ 
which can be revealed in the program review. 

To ascertain if the program documentation is current. The review 
may uncover, for example, several codes which are not to be found in 
the documentation It is also easy for the programmer to trace any 
subsequent modifications to the program easily if he has reviewed it 
once. 


Oh) 


Ov) 


(v) Incidentally, such reviews can provide a great deal of expertise and 
experience to the auditor which he may use profitably in other 
organisations. 

(vi) This approach would naturally impress the data processing staff land 
discourage fraud amongst them. 
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the environment and data divisions of the COBOL programs may differ 
from client to client. 

(iv) Clients would be maintaining their files in different formats. This would 
necessitate conversion of these individual formats into a standardised 
format to suit the generalised audit programs. 



4. Audit Setlcw of Applkotloo PfOfgrant 


V/e mmtiOTcd wlioT that a set of fraudulent mstructioos stuffed jnlo the 
program vould be difPcuU to delect bv the test nac4-or erv-^-fat 
techniques. This shouid highlight the necessity f„! xheaudTr ! f 
program code itself Surely, this would rcquirc^him to be an expert w nrn"'^ 
ing in the lan^age in use Also, he would have to work hard Snee the^progrTm; 
written by others are notoriously difficult to be deciphered But the auditor would 
be coming into grip with the program which is the most sensitive spot m com- 
puterised system for exposure to fraud and errors Towards this purpose he may 
ri«|lypical data in the program logic or its flowcharts manually through the varu us 
paths to satisfy himself with its logic and may detect extra fraudulent instructions 
i e . devious little modules He may also review the program for completeness and 
inclusion of adequate controls 


The fraudulent programmer can build trap doors in the program which open 
to operate when a particular event or sequence of instructions happens These 
trapdoors comprise illegal sets of instructions For example these instructions may 
be activated m favour of a particular account number Now if the auditor rigoro- 
usly reviews the programs coupled with then testing by the test pack the possibility 
of undetected errors is minimised. Reviewing the programs is the strongest 
auditing technique. Human beings, even with standardised procedures, tend to act 
diffierentiy and inconsistently at difTerent occasions and this is not so with the 
computer which, fed with the same program and run repeatedly, would produce 
the same outputs. 

Thus, if the auditor has reviewed the programs and satisfied himself he can 
place a great deal of reliance in the system The drawbacks of this approach are 
that it is time consuming and auditors ought to know the language in use If -it is 
other than COBOL it would be very difficult to learn Nevertheless, this 
technique is the most robust and should be applied to test the most important 
and frequently used programs The following arc the reasons which may prompt 
an auditor to go ra for the review of the programs 

^i) To detect and dicourage errors and fraud. 

(ii) To appraise the extent to which good program practices have been pui 
to use i.e. if the standard data names and the meaningful paragraphs 
are being used instead of programmer’s relatives’ pet names 
(lii) To satisfy himself that sound accounting practices have been followed 
and doubtful ones uncovered. The systems designers, for example, 
may fraudulently change over to diflferent inventory valuing methods, 
which can be revealed in the program review. 


(iv) To ascertain if the program documentation is current The review 
may uncover, for example, several codes which are not to be found in 
the documentation It is also easy for the programmer to trace any 
subsequent modifications to the program easily if he has reviewed it 
once. 


(v) Incidentally, such reviews can provide a great deal of expertise and 
experience to the auditor which he may use profitably in other 
organisations. 

(vi) This approach would naturally impress the data processing staff »and 
discourage fraud amongst them. 
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The auditor would have to go through the following steps for review of the 
programs : 

(i) Review progfamraing and documentation standards of the organisation 
This not only gives the idea to the auditor of the quality of programs 
but also provides a very useful frame of reference 
( i) Selection of the program for review. This program could be the most 
sensitive one , but to start with the auditor may want to pick up a 
simple program especially when several programs have been written by 
one programmer in order to familiarise himself with style of that 
programmer In this way, the auditor would be m a position Jo 
understand his more complex programs easily later ^ 

(ill) Get'ihc copy of source code As wc mentioned elsewhere, a program 
of some 'cope may require as many as 20 rounds of debugging. Add to 
this several amendments upon routine application Therefore, there 
could be numerous program listings and the auditor would not be sure 
if the one given to him represents the current program It is highly 
desirable therefore that the auditor obtains the program Jitsmg for the 
piogram in use on an especial compilation run 

(iv) Get program documentation More often than not there may be no 
documentation at all and the auditor may have to request the client’s 
EDP personnel to prepare a set for him Even if it is available it is not 
at all unlikely tliat it is out of date m which case the auditor may Want 
that It IS up dated by the client’s EDP staff. 

(v) Determine the hies used by the programmer This can be readily done 
by referring to SELECT clauses m the ENVIRONMENT DlViSlON 
of a program written in COBOL where each file is referenced to the 
specific hardware device (s) The auditor should next refer to the DATA 
DIVISION and correlate us contents with the documentation. Any 
data field encountered m the DATA DIVISION but missing m the 
documentation should suggest the either tlie documentation has not 
been kept up-to-date or there have been unauthorised amendments to 
program The later situation may lead to the discovery of a major fraud. 

(vi) Gam understanding of each of the file by dumping two or three of its 
pages and scrutinising each and every field layout. This is one of 
the most crucial part of the review and the auditor should not Hesitate in 
critically qucstionning the EDP staff at slightest doubt. . In fact, he 
should be on the guard against clever and evasive explanations. 

(vii) Once the auditor has reviewed few pages of each of the file he can con- 
centrate on the program logic and IF statements lequire his particular 
attention No doubt, it would require a great deal of labour to trace 
the various paths of the program via these statements especially when 
these fun into myriads m any program but they are of great importance 
and it can be asserted that most of the frauds would be committed via 
these Next m importance are GO TO statements which are used to 
transfer the program control to some external modules which should be 
carefully reviewed in regard to the transfer of control and why. Each 
and every GO TO statement should be carefully verified Incidentally, 
many of the GO TO statements would be part of the IF statements. 
These two statements between them would have provided quite a good 
deal of insight into the program logic to the auditor. Tht review of 

pjay followed by scfutity pf speh verb® as CALF. FILE, i 
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ACCEPT, RETURN. All these statements signify that some external 
influeoce is being applied to the program which needs particular 
attention of the auditor. 


5. Audit of Adraoced Systems 

The on line, real time, integrated systems do pose problems wnh ngard to 
audit trail and auditing. A transaction can be input at random as it occurs via 
remote trminals A transaction may up date several files at a stroke and inter- 
mediate print outs may or may not be printed which endangers the audit trail i e 
it can be eliminated. The various problems are discussed below ’ 


Source documents The transactions are input at random without batchme 
via remote terminals. However, to keep the management audit trail intact at least 
It IS usually necessary to get a printed copy of the transactions from the termiS 
Also, the transactions may by logged at the comphter centre In some applications 
the terminals may prepare locked log of all transactions entered 
The log at the computer centre ran then be utilised for 
event of any damage to the existing files 


through 
file reconstruction 


them, 
in the 


Authorisation 


(i) Each user is supplied with a password which identifies him as the 
authorised user and he has to enter this password prior to entering the transa-^tion 
details. 


(ii) The computer performs the various program checks on the transaction 
to ascertain the validity of the transactions. 

(Hi) The listing of the various transactions input may be prepared and sent 
to the control section 

(iv) The printout of the transactions produced by the computer serves as 
approval of the input 

Furthermore, the programmed decision rules built into the program may be 
reviewed by the concerned managers as authorisation for their automatic execution 
by the computer. Examples of such rules would include determination of the 
economic order quantities reorder levels, forecasts etc 

Audit Trail As mentioned earlier most of the intermediate printouts for 
processing a transaction comprehensively in the integrated systems need not be 
produced but the requirements of the nnanagement, governrrents and other agen- 
cies jnay constrain the systems designer to produce these to maintain the audit 
trial. 

Control totals seemingly are not possible with such advanced systems. 
Nevertheless they can be accumulated for each type of transaction entered via the 
terminals and later compared with their counterparts at the originating points in 
the organisation Also control totals may be prepared for each remote terminal 

The audit techniques described earlier may also be applied to integrated 
systems. 

It IS to be noted here that the auditor’s burden will sharply increase since 
programs are inherently very complex and the-auditor must be highly proficient 
in computerised systems. In addition to these techniques the auditors may also 
want xo continuously monitor the realtime integrated systems by incorporating an 
audit program in the operating system. This program would sample the transactions 
entered mto the system at random intervals and wnie them on an audit tape for 
purposes of testing. Also, the auditor may make use of the termmals to mtroduce 

random test tomsactions. 
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APPENDIX A 

DOCUMENTATION QUESTIONNAIRE 

Answer Answer Based on 

Yes No Observation Test 

1. Does the current documentation 
for each computer program 
contain : 


(a) a narrative description ? 

(b) flowchart, and decision 
tables 7 

(c) program description 7 

(d) description of programming 
aids 7 

le) controls used 7 

(f) description of input/output 

(g) terting procedures used ? 

(h) console run book ? 

(i) approval and change sheet ? 

2. Does the console run book con* 
tain : 

(a) flowchart of specific applica- 
tions ? 

(b) set-up instructions ? 

(c) description of input/output 
layouts ? 

(d) console switch setting 7 

(e) operating messages (error halts, 

’> (etc.) 7 

(0 proc^ures for labelling and 
disposition of input ? 

3. Arc there written procedures for 
program maintenance which pro- 
vide for ; 

(a) a formal request for a pro- 
gram change 7 

(b) approval by a responsible 
individual for a change 7 

(c) a test of the change prior to 
acceptance 7 

4. Are there duplicate copies of either 
the source dwks, object decks or 
from the EDP premises as protec- 
tion against loss 7 

5. Is there a definable system develop** 

meat methodology ? H 

6 . Ifso, describe it bdow. 

Print & Paper Co., 4000 July, 84 (Reprint) 
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u ilu\ ieiiipi .1 iiiiu. lit iIk svsiLin icsiilicd in toniplcic sokiuon and loIodi lade to a yellow 
2 MoC I , ;/; < f'/i/ 96'',, 1 1 SOj To 2 ^ Mo< 1, wtic iddcd 1 ^ 96 4'\, H^SO, Mixing was 

^.allied mil al ambient le nipe ratines ioi 2 I hi in i sioppeieei ll.isk Ceiili itiigin<^ the ^ 5 per cent 
niixlLiie re\e lied <l weak!\ eoUuiKd blue sollKuMi I hc solid Icsiduc eonl lined inosl ot the e^rininal 
Mol 1 , 

^ \k>C !, ‘fi fun),,,- ll„S(>, IJ< unci ^0 ‘^SOj \ 4 8 pel eeilt solution ot MoCl^ in 1^-lK 
pel es 111 SO I turning H SO, u is pu pa i eel bv le lliixing; Uu 2 hi a I 170 180 1 he solution was d<uk 

blue gieeit I ui t he i i etluxinL’ u 1 SO toi k hr slun\ed no tin ihei ee>inin eh.inge No lesieluc leinained 
\ {> X pel vent -eobiUon o\ NU'C I in Ml O per cent SO, iuining H_SOj ssas piepaieei in a simiiai 
iiiinnei bv leiUixing u 120 I2x I he (mileoloui ol the soUiiioii was bright blue, and the time 
leijuiied joi eoinplele' elissoiiitHm was less than I hi 

k I, '// lh>! 96 ' , II SO, \ 4 94 pel eeiit se4ulu*n t>l K.tMe>C |6 m 96 pel ee'nt H.SO, was 

pi e p U eel bv dow dl eip\s tse ulelitk'U e>l I he aeld te> the se>lid 111 a 50 ml liHjnd be>ltoni llask III ted W Jill a 
eoneieiisei I nines ot i l( I weie tele iseet lapidlv iliiiing (he atlelilJein Atlel the' inajoi pail eit the 
e\olu!i(ni ee ised the nuMiiie w is he Ueel lt> leeelel UO si>Iii(umi Al 190 , (he solution was daik glecil. 
a ilh link' tu no oOkK rein nnini' 

X K. Mo( ! 1)1 oilii 9rv li SO, > 9 pel eeill mixtuie w.ls pre'p.lled in llie eold as above 

( enir iiuL“ inon of the suspe nsion \ leldeel a led-biown se)lutu>n 

6 k^MoC i, n; SO, 15 M'p,S(). 1 we> 7 0 pci cent se'iltilions wcie piepareel 

bv sleav eh I'pw ise adelii ion ol (he lespcelixe* lumiiig fields evnte^ k^MoC I, HC i was given e>lt voluini- 
lUMislv Henning tei the leOux teillpeiiluies I7() ISO aiut 120 125 Yielded daik blue solutli>ns 
w It bin 2 In I he et'loui dev elopmv nt in (he O j ,,i eent leul howevei i>eeni leel moie raputly th 
III the 1^ is ,SO, le lel Nei { e •'lelue t ein » IIK il 

I’ll {hii >>l '‘ulphlii t)U'\iih «/i/«/ni/\ 

IplHiuiiii^ \ eonipkte des.iipoon is h>nnd in Kelereiiee I the lollowing summaii/es the 
e Nseni; d k lUiies 

I Liming M.S( )| h) U , SO, was used <is souiee lor SO \bout xO ml ot the aeiet weie phecd 
III i 100 ml u'unel Hask whieli eonl niied a well loi iheimonielei plaeemenl Comnieiei illy asaikible 
ell v niiuige n w hieh w,is used as e II I lel g Is was pjNseel iliiough A hot tube Ilikel widi et'ppcr turnings 
to [einove iNiees of owgeii, met then bubbleel ihuuigli (he hetde'd leiel \ i.i a e ipillaiy bleed tube, llic 
I p ol whieh w is posiltone'el lhe''Ul | in below the sUll'lee ol tile leld lempCI.Jfuies (oi eOleielK 
S( )t e\ (diition i angeel ti om I I “v (<> 125 f he SO, N_ nnxdire w is passeel Ihioiigh a line poi osity 
‘dass 1 1 iiieei liliei lube iiMe mtivc buw\ nish-blaek ileeompeisiiion prixiuels loi inctl dm mg the iK.iimg 
ot (he liiinmg leiel 1 he liltei w Is plaeed Well within (hc le.lelion lube to pievent lie^uel letion ot the 
SO I emjKiatUlLS Wele IlKasuied bv pklelilg a thelinoUKtel A\ A lived position OVel (he leaelK>n 
b(\it andeilibi iting aginiNt iniitnalsol kiuwvn melting point plaeeel m the boat 

Pioi ( Jm ( Two to five gi amines e>l sample weic weighed into i V ilreosil siliea boat and inset led 
into the ie<iet ion eh imbei m uiiliniKei a I a pie-ehoseii leinper ituie in an cleeli ic lube lurnaee 16 e- 
iie ilment e4 k ,\roC l„ was iKeessaiv (o rcmtvve sin ill amounts i>t me>jsiuiv. the solid was hcalcei in 
the leaelum lube tinder imriuxn at 110 120 loi 2 hr I he elrv nitrogen unde r a slight exeess picssuie 
passed through the heated luming aeiet aixl earned the eve)lvcel SO, lhie>ugh the Idler lube into the 
ieaeln.m ehamhei 

1 MoCi, SO, i<eaetu>n began al 80 with iIk loimaiion ol a giavish hlaek eoaiing With the 
exeepl ion ot met eased eo\ el ige i>l the sui laee no other e ha nges weie ol'isti \ ed as the tempei iUure w as 
laised JMnsW4i! examin<it ion id the linal produet imlie ited surtaee leaelion only ( hanging the 
s.imple si/e, MoCI, p^iiltelc si/e SO, evi>lu(ion i.ile, ele did m>l clteel luilhei iCiietion i9eeom- 
pi^sition oeeiif red w Khoiit melting unefer (he SO , N_ .KnKwpherc a I 200 220 yielding vai led coloured 
piexducts In a eontroi urn. MoC I iindci div nitiogcn \\ \s stable up to 260 

2 KnMoC 1,, SO, In a similar control lun under dry nitrogen K-,Mo( I, was stable up to 250 

III cesnirast to the MoCI, SO, system when SO-, was passed over the K,MoC I,, loaclion occuricd 
icadily al 80 , anet conlinueit up to 190 hcloie elcconiposilion became obvious at 200-210 hejuilib- 
iiLim icaclions Irom 64 to ISO yielded a liquid phase having colours ranging from dark blue at the 
low langc 64 80 to bluish green al the interinedkite lange', 80 165 , and dark gieeii iit (he high 

i.mge 165 180 

ifia/\ SIS 

Molybdenum was determined grav imcti ically using 8-quinolonol C blonde was determined 
volumciiieallv vMih standaid mereiine nitrate using sodium niiroprussidc as indicator 

I hc oxidation slate (4 molybdenum was delei miiievl as follows excess standard potassium di- 
ehiomalc -concentrated sulphuiie acid solution was used to oxidize the molybdenum in solution and 
in the SO, adducts lo (he maximum valence of six the unreaeled diehromate was (ound by lilralion 
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with standard at|ucoiis fcrious sulphate Ihc figures obtained arc ctreetive oxidation numbeis, and 
thcieloie are only average values 

The sulphur trioxide values were ealeulated on the basis that inereasc in weight ol the adduet is 
attiihutable to the addition of SO, to K,,MoCI, See discussion for jusliriealion of this assumption 

RTSur rs AND DisrussroN 

Tabic 1 summarizes the solubility data and oxidation numbers lor MitCI, and 
KiMoCI,, in concentrated H_,SO, The \alcnec states show oxidation to about the 
same levels lot the heated solutions, and arc probably mixtures o( molybdenum 3 


I A lit 1 I Sol HUM It Y ANis ri rr< i ivr oxioai ion ni Mnri( roR sioLVHOtM m ion in 

( ON< I N 1 HA II II SI 'I I'll (IKK A( US 


talciilaled Llketoe 


System 

1 empcialuie 

Mo 111 
solulion 

solubility 
ol salt 

f’olour 

oxidation 

no 

Moe 1,- H.StV, 

Amhii 111 

0 0828 

5 1 

1 igtn blue 

V 02 

MoCI, ll.StJ, 

180 

1 99 

too 

Olive green 

■4 8 

K,MoCI, ll.SO, 

Ambient 

0 768 

87 

Red brown 

2 98 

K ,MoC l„ 1 1 .SO, 

180 

1 1 1 

too 

IVark. green 

4 5 


thioiighb The 180 systems show essentially complete dissolution Table 2 surnma- 
ii/e's the adducts ol' SO, with K ,MoCI,, formed icxcrsibly at several te'mpcralurcs 
r videnee for revei sibihty m (he 64 to 180 lantte* vvas shown b) eonslaney of tlic six to 
one Cl/fvio ratio, the ntolybdenuin oxidation state' and the ease by w hieh SO, could be 

I vui I 2 Si I I'l II iR I Hioxioi viiiiLcisoi K,MoCI, a i \ ARior s 1 1 \ii>i R v 1 1 Rts 


le'inperalii rc 

No cquivale'iit 
SO, molecules 

( okvur 

r tfcclive 
oxidation I'm 

64 

to 

Oaik blue 

V 0 

1 47 

8 

D.iik blue gicen 

t 0 

155 

6 

tircen daik blue 

V 0 

165 

S 

(iieen blue 

'' 0 

180 

4 

Cl Fee It 

V 0 

194 

- 

0,11 k blow nisb green 

I 0 


added lo oi leitutve’d li om a given sample bv ad|ust'nent ol ihe i cue lion lenipei alurcs ' ' ' 
In the pie'senec o( the SO, almosplieic, the weight of an adduet mvamiolx m- 
eieased as the lempeialuie was loweieel, the* weight dceieased in a siniilai wav as the 
tenipei Itiio vv ,is 1 aiscd foi a given temperature, Ihc pe i cent mciease ovci the original 
K|Motl|, weight vvas constant incspcelive of tlie direction from vvhieli Ihis tempeia- 
luie vvas .illained As a eheelc of the eonst.iiiev of live six ui one CliMo lalio in the 
arldiiet the leaclion chamhei elllucnt was analysed foi Cl. none was found thus 
allunimg that addition leaclions indeed had oecuircd 

1 he 4 0 oxidation niimbe'i loi thcadduet loinicd at 194 is eoiisiste'iit vv ilh the er'Iour 
change and gas evolution w hieh occuiicd w iihin the decomposing liepiid at that tem- 
peiaturc and is included as an appioximatc upper limit ol reveisibilily The Cl/Mo 
latio toi this adduet vvas 5 1 indicating loss of Cl duiing the tlceomposition 
Dll cel dctei m Illation of the oxidaluui states in the fuming acids w cie mipiaelk .il and 
at best would have yielded questionable' values I hcicfoie, by analogv with the eolouis 
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tlL\ Llopcd ill llic sL\i.r.il soInloIs llie oMtliilioii slates were deduced as folliivvs Strik- 
ing cdliHii siinilai ilics vceic apparent liii the luming acid and SO, -adduct systems 
At liiglici S( ), contents, e g ^0 33 SO , I umme, ILSOjand K ,Mc)CI,; adducts con- 
taining ID SO,, tile systems were dai k blue, at lowei SO, contents, e g I5--I8"„S0, 
luniing lost), .ind adducts containing 5-8 SO, the systems ueic green blue to dark 
blue giecn based on the 3 () oxidation numbcis for the 4 10 SO, adducts at 180' 64 
lespcciively ,ind (he f.icl Ilial continued lelluxing ol’thc fuming acid systems showed 
no coloui c haiiges it i\,is assumed llial the oxidation stale ot the molybdenum ions in 
tile linnmg acid was also 3D Since the available lice SO, in C P concentrated H ,SOj, 
comp. lied to liimmg IbSO, is low and may be available oiiIy thiough dissciciations 
such as 

:iosO| so, OH, nso, 
so, 211, so, II, so, HSAX 

the coloiii s loi the concciiliated I IjSO, solutions at high lempeiaturcs w Inch were dark 
oi olive gieen piobablv icsulied lioin oxidation which piodiicecl the ctleclive slates 
lioiii 4 5 to 5 111 the absence of excess SO, Anoilici assumption supported by the data 
but winch would be dillicult to piove is that the SO, “molecules” m solution oi in the 
1ic|uk1 adduct ph.isc act ,is piotective suiiounds oi neg.itive c.italysts for the central 
niol'y bdciuim(l 1 1 ) inn lluis picv enimg oxidation even at Icm pci a lutes as high as 1 80 
It IS unloi lun.itc licit iiilia-ieci spectia could not be luii loi icasons which exclude 
such mcasuiemciits fioin s)slcms which involve licc SO, 

In the absence ol additional data on the ambient tempeiatuie leactions ot MoCI, 
and kjMoCI,, in concontiatcd H^SO,. explanations lor the light blue and red brown 
colouied solutions aie tentative That the Mo( 1, dissolves at all ni.iy i esiilt Irom the 
SO, piodticed bv .ibove ec|uilibiia I he lecl K,MoCI|, solution would then contain a 
blue component as w ell as icci inclicatixe ol dillcienl compound oi complex loi mat ion 

l< Aaaii/o/ec ///I /It One nl die .uithois, I J Bviiis, wishes to ih.ink t i.inkloul Aiscnal, Oidnancc 
Ocpl II S Xiiii\ foi rmiiisi.il siippoit on lliis woik 

"1 I’ llvviMiii i’h\ sn III Ol (hiiiimo p 2^0 Mstu ov-l till New Vork 11940) 
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RUTHENIUM (VIII) IN NITRIC ACID 

M Simon* and M Givon 

Israel Aloiiiie I nergy Commission l^aboraloi ics, Reliovolh, Israel, 

and 

K S SpiCt.LLR 

Israel Institute ol rcchnology Haila, Israel 

( Rcci’irctl 2fi Octohei 1961, in i<i I'ml Joi in \HJiinf 1962) 

\bstract Absoiption sptelia ol solutions ol RuO, in nitiic acid have been measured and eleetro- 
migialion evpci iinents perlormed From these esixiimems it has been conekided that no eharge’d 
species aic loimed The disti ibtition eoelheient ol RuOi between nitiie aeid and CCI, and kerosene 
have been measured, but attempts to e\ plain i|iiaiitilalively the salting behaviour by applying McOevit 
■ind Long s ihcoiy have been unsiieecssful Appioximatc values id the ihermodv naniie quantities for 
evliaction into C'C'I, have been ealetilated, and aelivity eocfhcients have been obtained Ironi solubililv 
data A method lor selective evtraelion ol ruthenium Ironi mixtures such as liseion products bv 
ovid.ilion with sodium hyprochlot ite and extraction into keiosene is indicated 


Rl I III Ml M lids been dcse'i ihcel e' " bv ('i Ai s‘" as e’visi ing in nili le deici se'lulion as 
Its Iclnixiile RiiO,j logellici with I's liivale'nl anti lelravaleuil oxiiiation states The 
lefioxide is e'asily e'xliactcd with iion-polar solvents siicli as C ( I,'"’ and ke'roscnc The 
tlisti ibution eocllieienl dccieascs with iiie'ieasinc nitiicae'id cone'Ciitialion The fission 
ptodtiel mthcniiini aceonipanie's uiamtim and pliitoimini dtiiing most extiaction 
pioee'sses and is one of the ina|oi soiiiees of /-aetn ity ol Ihe piiiifieti proiliiels In the 
present woik a speeilic method foi Ihe removal ot iiilhenmm fiom mixtures is devel- 
oped rite lutliemum m its tit- oi leliavalent state is oxidized by sodium hvpoebksrite 
and exliaeted with ketosene 

Recently Mariin"’ has studied the oxtiaetum ol RuO, horn nitiie acid solutions 
into (Tl, In oidei to account lot the deeicase of the distiibiition eoerticient with 
iiuicasing acidity he assimietl the eepnlibmim 

RuOj HT) lld<u(), IIRuO^ OH (1) 

to play .1 ina)oi it'le along with salting m, but he did not provide positive eviclcneo for 
lliese le.ielioiis Loi the dissoeiatum ce|uilibiiiim he lound fiom distribution 
expel intents 

a; 5 7 It) '■ I mole ' 1 2) 

[H ]/) 


wheie P disiiibulion eoefl'ie'ient at hydrogen-ion coneenlialion H and P„ 
disli ibulion eoelheient m puic vvatei If the eepnlibi lum is wiitteii m the loim 


the expression 


RuO, II 

[I I RuO, 1 
[H ][Ruo7] 


HRuC7, 

0 57 I mole ' 


* ILiil III a 'hesis submille'cl (o the’ leehnion IsiacI Institute cs| lechiic'lcvgv 1 
liillillnieiu ol die lequiiemcnls ol ,1 M Se degice 

( ( I VLs, /til// Uai/ Sr A ti / i/vi/g ( t) I, 97 ( I860) C I M \v H I Nivviiv k 

U O WiiiiiRS, II S A I I’ Repoit IDO-MdTX (1958) 

’.I M I 1 1 H ill i< and t S Mariim Rcpoil At RI C'/M 256 ( 1956) 

'I S Mar I IN, y C /u III S’ac 2564(1954) 




(4) 

nl.i in peiriuil 
1 Rohdi ind 



